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STUDIES ON THE RATE OF COAGULATION AND ELECTROKINETIC 
POTENTIAL OF LANTHANUM OXIDE HYDROSOL 


By B. N. GHOosH AND P. K. 


The coagulation of lanthanum oxide sol and its dependence on electrokinetic potential have 
been studied. The true electrokinetic potential, ¢, has been evaluated by applying a surface conductance 
correction with the help of the equation: 


(where ¢a represents the apparent electrokinetic potential calculated from electrokinetic data using 
Smoluchowski's equation, m is a constant involving surface conductance and other terms, and S 
represents the specific conductivity in bulk of the intermicellar fluid containing equicoagulating 
concentration of an electrolyte). 

It has been found that in the regions of slow and rapid coagulation the values of true 
¢-potential are 35.1 mv and 32.2 mv respectively. 


It has been shown previously ‘this Journal, 1954, 341, 273. 304; Trans. Faraday 
Soc., 1954, 50, 955) that in the presence of equicoagulating concentrations of 
electrolytes containing counter ions of different valency, the true (-potential can 
be found from electro-osmotic data by using the equation : 


I= 

¢ S 
where ¢, represents the electrokinetic potential calculated from the Smoluchowski equa- 
tion ; ¢, the true electrokinetic potential ; S, the specific conductivity of the electrolyte in 
bulk, and 


(x) 


where V,/V, is the ratio of! the solid to liquid phases in the diaphragm (Ghosh, 
this Journal, 10955, 32, 60, 402; Naturwiss., 1955, 42, 121); x, the specific surface 
conductivity and R, the radius of the colloidal particles. It has been shown by 
Ghosh etal. (Nature, 1955, 176, 1080) that the equations of Booth (Trans. Faraday 
Soc., 1948, 44, 955) and Henry (ibid., 1948, 44, 1021) involving correction for surface 
conductance in electrophoresis also lead to an equation of the same form as (1) when kR 
is large, where k is the characteristic term of the Debye-Hiickel equation and R 
represents the radius of the colloidal particles. The m in the electrophoretic 
equation is equal to X/§R and is, thus, different from the m in the equation for 
electro-osmosis, 


I I I 
= = = 
) 
3.Vi-x 
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Utilising equation (1), discussed above, attempts have been made to determin 
the true values of (-potential of lanthanum oxide sol in the regions of rapid an‘ 
slow coagulation by the electro-osmotic and electrophoretic methods respectively, 
The results obtained are recorded in this communication, 


ExPERIMENTAL 


Positively charged lanthanum oxide hydrosol was prepared in a way similar 
to that of Béhm and Niclassen (Z. anorg. Chem., 1924, 182, 6). Toa1% solution 
of lanthanum nitrate, in conductivity water, ammonia (1:3) was added till it wa: 
alkaline. The resulting voluminous white precipitate was washed and then peptised 
by the addition of N/4-HCl. The opalescent so!, thus obtained, was dialysed in 
cellophane bags against conductivity water. The dialysis was performed for three 
weeks. After three weeks of ageing, experiments were started with the sol. Its 
lanthanum oxide content was 0.24% and the specific conductivity was 2.089 x 107* mhos 
at 35°. 

Determination of the Equicoagulating Concentrations.—In experiments in the zone 
of rapid coagulation, an electrolyte solution (2¢.c.) was mixed with the colloid 
(2c.c.). The mixture was left as such for 15 minutes and then it was 
centrifuged for 2 minutes at a definite speed. The supernatant solution was examined 
for transparency or opacity. ‘The concentration of an electrolyte, which just gave 
a transparent supernatant solution, was taken as equicoagulating. 


For the slow coagulation, the determination of the equicoagulating concentra- 
tion was similar to that described above with this difference that the colloid-elec- 
trolyte mixture was allowed to stand undisturbed for 20 hours in place of 15 minutes. 


Electro-osmotic Experiments 


In the Zone of Rapid Coagulation.—A definite volume of electrolyte solution was 
added to an equal volume of the colloid so that the final concentration of the electrolyte 
in the mixture represented its equicoagulating concentration. After 15 minutes 
the mixture was centrifuged, the supernatant liquid was decanted into a Jena 
bottle and the coagula were transferred with a small amount of the supernatant 
liquid into a ‘U’ tube. 

The diaphragm was prepared in the ‘U’ tube “by centrifuging for a definite 
period, and the volume occupiec by it was maintained constant in all the experi- 
ments so that V, and V, of equation (r) remained constant. The supernatant 
liquid, obtained from the colloid-electrolyte mixture, was used for filling the U 
tube, and its specific conductivity was measured. The apparatus used for the 
measurement of the electrokinetic potential of the coagula of lanthanum oxide sol 
was similar to that used by Mukherjee et al. (Nature, 1922, 110, 732). The electro- 
osmotic experiments were carried out at 35°. The value of D was calculated from the 


empirical equation : 
D=80-0.4(t— 20°). 


The reproducibility of the electro-osmotic experiments was found to be within + 3%. 


I 
\ 
\ 
I 
t 


STUDIES ON [HE RATE OF COAGULATION AND ELECTROKINETIC ETC. 83) 


TABLE I 


Electro-osmotic data for rapid coagulation. 


3 £ x -6 
Electrolytes. Equicoag. conc. Sp. condy. of Values of ¢a calc. from 
supernat. soln. Smoluchowski eq. Eq. (1). 


at 25° (Sx 104), 


NaCl 1.014X 1071 N 125.400 mhos 32.0 mv 32.0 mv 
NagSO, 3.943 x 1074 1.281 23-7 23.6 
Na;-citrate 3.908 x 1074 1.223 23-2 2303 
NaCl 2.303 X 107? 

& ‘T) & 33-240 31.1 31.7 
NagSO, 2.069 X 1074 
NaCl 1.354X1072 

& (II) & 3.086 28.3 27.9 
3.076 x 1074 


Electrophoretic Experiments 


Since the measurement <f, by the electro-osmotic method in the region of 
slow coagula‘ion was not possible as a c.mpact diaphragm of the coagula could 
not be prepared with NaCl and Na,-citrate, hence electrophoretic method alone was 
used for the determination of ¢,. For this purpose a modified form of Burton’s 
U-tube apparatus was used. Each of the limbs of the U tube was provided with 
a stop-cock. The internal diameter of the upper and lower parts of the U tube 
was the same as that of the bore of the stop-cock. Two calomel electrode vessels 
were connected to the upper limbs through standard joints. The diameter of the 
nozzle of the electrode vessels above the joints was greater than that of the limbs 
of the U tube. Into the bottom of the U tube was sealed a fine, bent dctivery 
(ube, provided with atap andafunnel, the level of the latter being higher than 
the top of the U tube. 


The colloid-electrolyte mixture was prepared by addition of the electrolyte 
to the colloid, allowing it to stand for 30 minutes for attaining equilibrium, and 
then centrifuging for 2 minutes at a low speed to ‘ree the mixture of the pre- 
cipitates. The lower part of the U tube and also the bore of the  stop-cocks 
were filled with this turbid solution. The stop-cocks were then closed. The parts 
above the stop-cocks were then fill2d with the clear supernatant fluid, aiready 
prepared by rapid centrifuging of ancther lot of the colloid-electrolyte mixture after 
20 hours of mixing. Two Ag/AgCl spiral electrodes were introduced into the calomel 
electrode vessels and the liquid was adjusted to the same level in them. The 
two stop-cocks were then opened very cautiously so that the boundaries between 
the colloid-electrolyte mixture and the supernatant sclution remained sharp, The tap 


= 
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in the delivery tube was carefully opened in order to allow the boundaries «, 
rise in the vertical limbs and was closed when the boundary rose to a level about 
2.5m above the stop-cocks. Electrical field was applied and a controlled current 
was allowed to flow through the system. The time required for the boundari s 
to travel a suitable distance was noted and from these and other relevant dat, 
the electrophoretic velocities for upward and downward movements were calculat.!. 
The specific conductivity of the colloid-electrolyte mixture and that of the super- 
natant liquid were measured at the temperature of the experiment, their difference 
being within 3%. An average of the specific conductivities of the supernatant 
liquid and the colloid-electrolyte mixture was used throughout in the calculation 
of potential gradient. From this average specific conductance, the cross-sectional 
area of the limb, the velocity of moving boundary, the current, viscosity and 
dielectric constant of water at the temperature of the exper:ment, values of 

were calculated from Smoluchowski’s equation for upward and downward move- 
ments. Their average values are shown in Table II. The conductance of thie 
supernatant solution was corrected for 29° since most of the experiments were 
performed at this temperature. Since Sy is constant, the value of (« should be 
independent of temperature. In order to maintain the reversibility of Ag/AgCl 
electrodes during electrophoresis with Na,SO, and Na;,-citrate,a small amount cf 
of NaCl was added (at the equicoagulating concentration of the mixture). Wheu 
NaCl was used for coagulation, the upward and downward movements in the same 
set of experiments could not be performed due to partial coagulation. Hence, 
after the upward movement of the boundary was observed, the apparatus was 
dismantled and the liquid inside was discarded. Another similar experiment was 
carried out with the boundary made of a fresh colloid-electrolyte mixture of the same 
concentration as before. The current in this case was, however, allowed to pass 
in the reverse direction, and the rate of downward movement of the boundary was noted. 


TABLE II 
Electrophoretic data for slow coagulation. 
C= 35.1mv. m= = 
35 57 
Electrolytes. Equicoag. conc. Sp condy, of Values of ¢a calculated. from 
supernat. soln, Smoluchowski eqn. Iéq. (1), 
at 29° (S x 104), 
Upward. Downward. Av. 

NaCl 8.630 X 1072N 102.800 mhos 34.2 mv 356mv 349 34.9 mv 
NaCl w 1.354X 1072 

& & 2.971 285 29. 29.2 6 
20740 X 1074 
NaCl am 2.031 x 1074 : 

& & 1.446 25.0 25. 25. 5 
NapSO, 3.216 x 1074 
NaCl 2,031 X 1074 

& 1.356 24.4 25 2 24.8 24. 


& 
Na;-citrate 2.732 x 1074 
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DIiscuUSSION 


It will appear from Fig. 1 that a plot of 1/(. against 1/S yields a straight line for the 
electro-osmotic measurements in the region of rapid coagulation as well as ‘for the 
electrophoretic measurement in the region of slow coagulation. This linear relationship 
indicates that at the equicoagulating concentrations of the electrolytes used, the true 
‘-potential and m remain constant under the conditions of the experiments. 


FIG, 


LANTHANUM OXIDE HY OROSOL 
© ELECTRO-OSMOS/S AT 35°C (GRAPH-I) FOR RAPIO RATE OF COAGULATION 
@ ELECTROPHORESIS AT 29°C (GRAPH-E)FOR SLOW RATE OF COACULATION 


d 


In the electro-osmotic experiments (Fig. 1) taking m=1.449 x 10°* and 1/¢ = 0.0311, 
the values of §, have been calculated from equation (1) for the different vaiues of S of 
the electrolytes used and are recorded in column 5 of Table I. It will be noticed that 
these values of (, are in good agreement with those calculated from Smoluchowski’s 
equation for the corresponding values of S (vide column 4 of Table I). In the region of 
slow coagulation (Fig. 1) taking m = 1.571 x 10°° and 1/{ = 0.0215, the values of t, 
from electrophoretic data for the different values of .S, corresponding to various electro- 
lytes used, have been calculated from equation (1) and are recorded in column 7 of 
Table II. There is fair agreement between these values of (, and the average of those 
calculated from Smoluchowski’s equation for the corresponding values of S. 


As the values of true C are the same for all electrolytes for a particular rate of 
coagulation, it may be concluded that a given rate of coagulation of the sol is character- 
ised by a definite value of true (-potential, independent of the valency of the counter ions 
used, 

It will also be noticed that the difference in the values of true {, found for rapid and 
slow rates of coagulation, is not much (35.1-32-2 mv). ‘Therefore it may be concluded 
that there is a critical zone of (-potential for the coagulation of this sol by electrolytes, 
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SPECTROPHOTOMETRIC AND CONDUCTOMETRIC STUDIES OF METAL (I 

COMPLEXES OF 3-HYDROXY-1-p-SULPHONATOPHENYL-3-PHENYL- 

TRIAZINE. PART Il. MOLYBDENUM COMPLEX Wi 

By UmMrsH CHANDRA DuRGAPAL AND N. C. SOGANI 

Molybdenum forms an orange-yellow, water-soluble complex with 3-hydroxy-1-p-sulphonatopheny!- Ww 
3-phenyltriazine. The formula of the complex, established specirophotometrically by applying Job's 
continuous variation method, slope ratio method and molar ratio method, has been determined to 
be MoR;(R=reagent). The molecular extinction coefficient has been found to be 1.5 xX 10% at 425 mu. 

The dissociation constant at 25° has been found to be 1.341078 and the free energy of forma- fc 
tion of the complex is -17.55Kcal./mole. In dilute solution the reaction has been found to be of 

the first order and the specific reaction rate has been calculated to be 0.1606. fi 

3-Hydroxy-1-p-sulphonatopheny!-3-phenyltriazine forms an orauge-yellow, water- 


soluble complex with molybdenum. The reaction is not instantaneous. The full Fi 
development of colour takes about 23 minutes and is stable afterwards for 3 hours. 
This reaction has been used for the direct colorimetric determination of molybdenum 
(Sogani and Bhattacharyya, unpublished). 

In Part I (this Journal, 1958, 35, 542) of the series, the formula of paliadium-3- 
hydroxy-1-p-sulphonatophenyl-3-phenyitriazine was established. The present investi- 
gation was undertaken with a view to establishing the formula of the molybdenum 
complex using physico-chemical methods, which were the same as described earlier. 
The empirical formula of the complex has been found to be MoR;. The _ possible 


constitution of the complex is [MoO R,;]* or [MoO.R,]~. The chelate structure 
of the former form may be represented as: & 
+ 
( < ato | 32 
N=N¢ /3 
| 
( 
The dissociation constant and, hence, the stability constant, the free energy of 
formation of molybdenum complex and molecular extinction coefficient have been 
determined. ‘The kinetics of the reaction have been studied spectrophotometrically. 
44 
Ex PERIMENTAL 15 
0: 
A standard molybdenum solution was prepared by dissolving about 5.0 g. of 
analytically pure sodium molybdate in water and making the volume to 500 c.c. on 


MOLYBDENUM COMPLEX 843 


The molybdenum content of this solution was determined by using 8-hydroxy- 
quinoline, It was diluted to give Mx10~* molybdenum solution. The reagent 
solution, buffer solutions, instruments etc, were the same as described in Part IJ, 
(loc. cit.). 

Nature of the Complex formed.—In a set of experiments, mixtures containing 
varying proportions of molybdenum: reagent were prepared and the optical densities 
at different wave-lengths in each case measured. In al! the cases the maximum 
absorption occurred at 416 mp, thus indicating the formation of only one complex 
with the reagent (Vosburgh and Cooper, J. Amer. Chem. Soc., 1941, 68, 437). 


Composition of the Complex 
The molar composition of the molybdenum complex was investigated by the 


following methods, 

Job’s Method (Ann. chim., 1928, x, 9, 113).—The molybdenum content in the 
final solution was varied between 4*10°°M and 28x107~° M and the final fx was 
kept at about 3.2. Absorption was measured, after 30 minutes, at 415 and 425 mp. 
Fig. 1 shows the curves obtained by appiying this method. The maxima at 0.75 
indicate the ratio of molybdenum to reagent as 1:3. 

Fic. 1 Fic. 2 


5 
~ 
= / 
2 ss 
3 / 
s / 


Conc. of variable component M x 10°. 

Mo complex, slope ratio. 

Upper curve refers to Mo varying and 
the lower one, reagent varying. 
Wave-length, 425 mz. 


Mo complex, continuous variation. 


Slope Ratio Method (Harvey and Manning, J. Amer. Chem. Soc., 1950, 72, 
4488).—The concentration of the variable component was varied from 2x 10~°M to 
15x107°M in presence of excess concentration of 8x10°'M of the constant com- 
ponent. The pa of the solution was kept at about 3.2. Fig. 2 shows the measured 
optical density at 425 mu plotted against the concentration of the variable com- 
ponent. ‘The slopes of the two straight lines give molybdenum to reagent ratio as 1:3 


{ 
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Molar Ratio Method (Yoe and Jones, Ind. Eng. Chem. Anal. Ed., 1944, 16, 111).— 


Fic. 3 


corption 


Moles reagent/mole Mc. 
Mo complex, molar ratio (425 mz). 


A series of solutions was prepared at px 
3-2 With a constant concentration of 
molybdenum at 2 x 10°°M and keeping 
the molybdenum to reagent ratio at 1:1 
to 1:30. The curve ‘a’ in Fig. 3 does 
not show any sharp break owing to the 
dissociation of the complex in dilute solu- 
tions. By adding 5 c.c. of 1M-KClI solu- 
tion to suppress the dissociation of the 
complex, a break is obtained (Fig. 3, curve 
‘b’) at the ratio of 3 moles of the reageut to 
1 mole of molybdenum. ‘The break in the 
curve is not very sharp, iudicating that the 
electrolyte concentration has not much in- 
fluence in decreasing the dissociation of the 
complex in solution. 


Conductivity Method.—The formula of the molybdenum complex could not be 
studied by applying conductivity method because of the slowness of the reaction. 
After each addition of the reagent solution to the molybdenum solution, it had 
to be kept for about 25 minutes for completion of the reaction, thus making the 
method unworkable. However, this observation has been made use of in studying 


the kinetics of the reaction. 


Kinetics of the Reaction 


The ontoms of the molybdenum complex is initially pale yellow, which gra- 


dually changes to orange-yellow. Since 
the intensity of colour is proportional 
to the extent of complex formation, it 
is concluded "that the kinetics of the 
reaction can be studied spectrophoto- 
metrically by noting the changes in 
absorption with time. 


To study this problem trce.c. of 
M x 10~* molybdenum solution was 
added to goc.c. of Mx10~* reagent 
solution at psx 3.2 and the volume 
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= 
a 
x 
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S 
s to 20 2s soi 


Time in mins. 
Change in absorption with time. 


at the time of mixing the solutions, 


5 made up to 50c.c. The final concen- 
tration of molybdenum was_ thus 
2x10°°M. A _ stop-watch was started 

The absorption of the reaction mixture 


Was measured at definite intervals of time at 425 m#. Fig. 4 records the change 
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of absorption with time. The absorption becomes constant after 23 minutes and has 
been observed to remain constant for 3 hours. 


DISCUSSION 


The dissociation of the complex in solution can be written as: 
MoR, = Mo + 3R 
Cc 0 o (initial conc.) 
(r-2)C aC 3aC (final conc.) 
x being the degree of dissociation and C, the concentration of the complex, assuming 
no dissociation. The dissociation constant K is given by the equation 


K = (32€)* _ 27 
C (1-2) 


From curve ‘a’, Fig. 3 

where the terms have their usual significance. The concentration C of the complex 
is equal to the total concentration of the molybdenum, which is 2x10°°M. By 
substituting these values in the above equation, the value of K at 25° comes to 
1.34 10°'*. Hence, the stability constant K’ of the complex is equal to 7.44 x 10". 

The standard free energy of formation of the complex from sodium molybdate 
and 3-hydroxy-1-p-sulphonatophenyl-3-phenyltriazine is calculated from the relation 
AF° = RT In K and works out to be -17.55 K cal./mole at 25°. 

Molecular extinction coefficient, «, is equal to the slope of the straight line ‘a’ 


c= 


in Fig. 2, which is equal to 1.5 x 10°. 
For studying the kinetics of the reaction between molybdenum and the reagent, 


the reaction may be written as: 
Mo + 3R = MoR;. 
Under experimental conditions where concentration of the reagent is sufficiently 
large in comparison to the concentration of molybdenum so that even when all 
molybdenum has been converted into the form of the complex there is practically 
no change in the concentration of the reagent, the reaction may satisfy the first 
order equation, thus behaving as a pseudo-unimolecular reaction. 
The equation for a first order reaction may be written as: 


2-303 a 24303 _ 2.303 
t log log a — . log (a—x) 


where k is the first order velocity constant, a is the initial concentration of molybdenum, 
x, the concentration of the complex at any instant. The initial concentration a of molyb- 
denum is proportional to the maximum absorption Em, shown by horizontal portion of 
the curve (Fig. 4). The concentration x of the complex at any instant is proportional 
to the measured absorption FE; at that instant. Hence, the concentration of uuchanged 
molybdenum is proportional to (Em —E:). Table I records these values at different 


intervals of time. 
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TABLE I 
En (a) = 22. 

Time. Et (x). Em-Et (a-~x). Log (Em—Et 
1.7 mins. 14 8 0.9031 
3.0 16 6 0.7781 
5.5 18 4 0.6021 
7-5 19 3 0.4771 
10.0 20 2 0.3010 
12.0 20.5 15 0.1761 
14.0 21 I 0.0000 


By plotting ¢ against log(Em —E;), a straight line is obtained, showing that 
the reaction is of first order (Fig. 5). From the slope of this straight line, the 
value of k can be calculated by means of the above equation. On calculation 
the specific reaction rate comes to 0.1606. 


Fic. 5 


Log (Em—Et). 


i} 


Time in mins : 
Mo complex, order of reaction. 


The authors express their gratitude to Principal Bhim Sen for providing 
facilities in the college and to Prof. K. P. Haldar for taking. keen interest in 


the present work. 
CHEMISTRY DEPARTMENT, 


GOVERNMENT COLLEGE, Received June, 14, 1958 
AJMER, 


tes 


SI 

= 

Pi 

as 

th 

M 

In 

% in 
di 

et 

le 

to 
(M 

Fa 

83 

et 

19 

th 

be 
lo 

de 

dic 

dic 

rey 

in 

po 

dil 

th 

tri 

an 


Jour. Indian Chem. Soc. Vol. 35, No. 12, 1958] 


SEARCH FOR NEW ANTIMALARIALS :SYNTHESIS OF SOME SUBSTITUTED 
1: 2-DIHYDRO-s-TRIAZINES. PART I 


By A. B. SEN AND P. R. SiniH 


Twenty five 1 :2-dihydro-s-triazines have been synthesised by two different methods with a view to 
testing their antimalarial activity 


Following the discovery of the antimalarial, proguanil (Curd et al., Ann. Trop. Med. 
Parasitol., 1945, 39, 208), a large number of biguanides have been synthesised and tested 
as possible antimalarials. Amongst these, the sulphabiguanides were found to possess 
the highest activity (Bami et al., J. Ind. Inst. Sci., 1949, 341A, 1; Singh etal., Ind. J. 
Malar., 1950, 4, 455; Curd ef al., Brit. J. Pharmacol., 1950, 5, 438 ; Misra et al., J. Sci. 
Ind. Res., 1955, 14C, 173). Detailed investigations on the mechanistn of action of 
proguanil have revealed that its antimalarial action is due to the formation of a metabolite 
in the host. Out of the three metabolites isolated, 4 :6- diamino-1- (p-chloropheny))-2 : 2- 
dimethyl-1 : 2-dihydro-s-triazine was found to be ten times as active as proguanil (Crounse 
etal., J. Org. Chem., 1951, 16, 492 ; Carrington et al., Nature, 1951, 168, 1080). This 
led to the synthesis of a large number of 1 : 2-dihydro-s-triazines (I), which were found 
to possess useful therapeutic activity against a number of different types of diseases 
(Modest et al., J. Amer. Chem. Soc., 1952, 74, 855; Foley et al., Proc. 52nd General 
Meeting of the Society of American Bacteriologists, Boston, Mass, May 1, 1952, p. 63 ; 
Farber et al., Am. J. Pathol., 1952, 28, 559; Foley, Proc. Soc. Exptl. Biol, Med., 1953, 
83, 733, 740, 742; Farber et al., Proc. Am. Assoc. Cancer Res., 1953,1, 15 ; Hewitt 
et al., Am. J. Trop. Med. Hyg., 1054, 8, 225; Lux, “‘Antibiotics and Chemotherapy’’, 
1954, Vol. 4, p- 971 ; Foley, Thesis Universiteit van Leeu wenhock, 1955 ; Raychaudhuri, 
this Journal, 1958, 35, 75). 

From the results of the antimalarial activity of 1: 2-dihydro-s-triazines reported, it can 
be concluded that halogen-substituted 1 :.2- dihydro-s-triazines are generally very active 
(Singh et al., Ind. J. Malar., 1954, 8, 1 ; Bami, Curr. Sci., 1954, 28, 124 ; Misra et al., 
loc. cit.). Amongst these, 4 :6-diamino-1-(p-bromopheny])-2 ; 2-dimethyl-1: 2-dihydro-s- 
triazine (I: R = p-Br; R, = R,=M¢e) is twice as active as the corresponding para -chloro 
derivative (1: R = p-Cl; R, = R. = Mej and 3: 4-dichloro compound (I:R = 3 :4- 
dichloro- ; R, = R, = Me) is several times more active than the corresponding 2 :4- 
dichloro derivative (I: R = 2:4-dichloro- ; R, = R, = Me). On the other hand, the 
replacement of the two methyl groups in position-2 (I: R, & R.) by heavier groups results 
in considerable loss of activity. Thus, it is apparent that the nature, number and 
position of the substituents have a profound influence on the antimalarial activity of the 


dihydrotriazines. 

The present investigation has therefore been undertaken with the object of studying 
the structure-activity relationship in substituted 1:2-dihydro-s-triazines. The dihydro- 
triazines containing p-OMe, p-OEt, o-Cl, m-Cl, p-Cl, 2: 4-dichloro-, o-Et, p-Me, 2:4- 
and 2:6-Me, p-OH-Ph.C,H, groups at position-1 and p-OMe.C.H,-, p-OH.C,H,- 


. 
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and cu, grou,s at position-2 have been isolated in the form of their 
CH.—CH, 


hydrochlorides by (i) the Three Component synthesis and (ii) the Two Component 
(synthesis, described by Modest ect al., J. Org. Chem., 10956, 24, 1 14; Abstract of 
papers, 122nd Meeting, American Chemical Society, Atlantic City, N. J., September 
16, 1952, p. 9-L) and have been sent tothe Malaria Institute of India, Delhi for the 
evaluation of the antimalarial activity. 


The dihydrotriazives have been distinguished from the arylbiguanides by the non- 
formation of a coloured complex with cuprammonium sulphate, a test for biguanide 
type of grouping that involves chelation at N* and N’*. 


H.N N NH, R 
— 
SZ \—/ 
Rk, 
R: R, 
(T) (II) 


The identification of the dihydrotriazines (I), prepared, and their distinction from the 
isomeric structures (II) and from the unchanged arylbiguanides, were made by means of 
the characteristic ultraviolet absorption spectra of these substances. The ultraviolet 
absorption maxima in some typical cases (I: R = p-OEt, R,= H, Rz = p-MeO.C,H,- ; 
I:R = p-Cl, R, = H, R, = p-OMe.C,H,-; I: R= p-OMe, R, = H, R2 = 
p-HO.C.H.- ; I: R = p-Me ; R, = = p-HO. ; I: R = 


CHa 
dichloro, R, & R, = H, and I: R = o-Et, R, & R, = 
\CH.- CH; 
/CH,-CH; 
>H,) with 0.00008% aqueous solutions, were obtained at 241-242 mp 
\CH, - CH,’ 


which are in a region characteristic for the dihydrotriazines (I) and are quite out of the 
range for those of structure (II) with maxima at 255 mp (Modest, loc. ctt., p. 1) and the 
biguanide structure with maxima at 266-67 mp (Raychaudhuri, loc. cit.). From the 
above observations it may be concluded that the compounds prepared are pure dihydro- 
triazines with the structure (1). 


=| = 
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ExPERIMENTAL 


1 : 2-Dihydro-s-itiazines were obtained by the two methods of Modest et al. (loc. cit.) 


given below: 
(i). The Three Component Synthesis.—A mixture of the substituted aniline hydro- 


chloride (0.1 M), dicyandiamide (0.17 M) and the aldehyde or ketone (0.15-0.2 M) in 
05% ethanol (50 c.c.) was refluxed with stirring on a water-bath for nearly 17 hours. 
The reaction mixture usually became coloured and crystals separated on cooling. 
The crystalline dihydrotriazine derivative was filtered, washed and recrystallised from 
ethanol. The compounds, thus prepared, are listed in Table I. 


(ii). The Two Component Synthesis.—-In this reaction aryibiguanides were 
condensed with aldehydes or ketones in acidic medium. A mixture of the substituted 
aniline hydrochloride (0.1 M) and dicyandiamide (0.1 M) in water (20 -25 c.c.) was 
refluxed for 1-14 hours. The precipitate obtained on cooling was filtered and recrystal- 
lised from water. The N'-p-OMe, N'-p-OEt-, N'-o-Cl-, N’-m-Cl-, N'-p-Cl-, :4- 
dichloro-, N'-p-Me-, N'- o - Et-, N'-2:4-dimethyl-, N'-2:6-dimethyl-, and N’-OH- 
phenylbiguanide hydrochlorides, thus obtained, have been used as intermediates for the 
synthesis of dihydrotriazines. 

Condensation of Biguanides with the Aldehydes or the Ketones.—The condensation 
between the biguanide hydrochlorides and the aldehydes or the ketones to form the 
dihydrotriazines was most successful ina weakly acidic medium. Although hydro- 
chloric acid is the acid of choice, other strong inorganic and organic acids like nitric. 
picric or acetic acid could also be used with success. A mixture of the substituted 
arylbiguanide (0.1 M), HCl (conc., 0.15-0.2 M) and the aldehyde or the ketone (0.105- 
0.2 M) in absolute ethanol (50-60 c.c.) was refluxed with stirring on a water-bath. The 
condensation was complete when the reaction mixture no longer gave a coloured preci- 
pitate with cupramnionium sulphate (negative biguanide test). The time required for 
the completion of the reaction was usually 8 hours for the aldehydes and 17 hours for the 
ketones, after which the reaction mixture was cooled in ice and the precipitate thus 
obtained was filtered, washed and recrystallised from ethanol. Occasionally the dihydro- 
triazine separated as a dihydrochloride in this reaction, but was converted into the mono- 
hydrochloride by recrystallisation from 50% ethanol or water. The 1 :2-dihydro-s- 
triazines, prepared by this method, are listed in Table I. 


Picrates.—Crystalline picrates of 1: 2-dihydro-s-triazines were readily obtained on 
inixing hot saturated aqueous or alcoholic solutions of picric acid and the particular 
dihydrotriazine. ‘These picrates are listed in Table I. 

Nitrites.—A solution of sodium nitrite (0.015M) in water (5c. c.) was added to 
a solution of the dihydrotriazine hydrochloride (0.015 M} in water (100 c.c.). Shortly 


after addition small crystals of 1:2 diliydrotriazine nitrite separated from the solution. 
After 3-5 hours, the product was filtered and washed with water. The nitrites listed in 
Table II melted with effervescence. Recrystallisation from hot water gave white prisms 


without any change in the melting points. 
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Bicarbonates.—The 1 : 2-dihydrotriazine bicarbonates were prepared by mixing the 
saturated aqueous solutions of sodium bicarbonate and the dihydrotriazine hydrochloride 
in the ratio of 1:2 by volume and refrigerating the clear solution overnight. White or 
colorless crystals thus obtained were filtered and washed with water. The bicarbonates, 
thus prepared, are listed in Table II. 
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MECHANISM OF s-DIARYLTHIOCARBAMIDE FORMATION BY THE 
INTERACTION OF POTASSIUM ETHYL XANTHATE WITH 
AROMATIC PRIMARY AMINES 


By C. N. V. NAMBURY 


In the interaction of potassium ethyl xanthate (EtO.CS.SK) with aromatic primary amines (Ar.NHg), 
leading to s-diarylthiocarbamides (ArNH.CS.NHAr), aryldithiocarbamates (ArNH.CS SK) and aryl- 
thiourethanes (ArNH.CS.OEt) are the possible intermediate compounds, The interaction of these 
latter two compounds with aromatic primary amines and their pyrolytic behaviour under analogous 
conditions have been studi-d. A mechanism has been suggested for the xanthate-amine reaction 
under consideration where aromatic thiourethines appear to be the probable intermediates. The 
investigation incidentally throws light also on the formation of s-diarylthiocarbamides from aromatic 
dithiocarbamates and thiourethanes. 


Direct interaction of aromatic primary amines and potassium ethyl xanthate at 
140-80° leads to almost exclusive formation of s-diaryithiocarbamides (Sahasrabudhey, 
Nambury and Bhramaramba, Proc. Ind. Sci. Cong., 1958, Part III, p. 145). The 
reaction was tentatively represented as 


2ArNH, + EtO.CS.SK —> ArNH.CS.NHAr + EtOH + HSK. 


But since two functional groups of xanthate, viz., -OEt and -SK, were replaced 
by arylamino residues, probably the reaction took place in more than one 
stages, and either ArNH.CS.OEt (arylthiourethane) or ArNH.CS.SK (aryldithiocar- 
bamate) or both of these were intermediate products. In the interaction of carbon disul- 
phide and aromatic amines in presence of alcoholic alkali at 1oo°, thiourethanes are 
known to be formed (Losanitsch, Ber., 1882, 15, 470; 1883, 16, 49; Fry, J. Amer. 
Chem. Soc., 1913, 25, 1539) and the intermediate role of dithiocarbamates (Snedker, 
J. Soc. Chem. Ind., 1925, 44, 747) leading either to mustard oils (Fromm, Annalen, 
1906, 348, 144) or to thiuramdisulphides (Braun, Ber., 1900, 33, 2726; 1906, 39, 4369) 
prior to thiocarbainide formation is beyond doubt. Further, amine-dithiocarbamates 
have also been reported to furnish s-disubstituted thiocarbamides by direct pyrolysis 
(Connor in Gilman’s Organic Chemistry, 2nd ed., 1949, Vol. I, p. 941; Losanitsch, 
Ber., 1891, 24, 3022). 

The present investigation was carried out in order to throw iight on the 
mechanism of primary aromatic amine-xanthate reaction, referred to above (loc. cit.). 
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Interaction of phenyl- and p-tolyl-thiourethanes and dithiocarbamates with aniline 
and other aromatic primary amines was studied under the relevant conditions. A 
pyrolytic study of phenyl- and p-tolyl-thiourethanes and ammonium salts of res- 
pective dithiocarbamic acids was also carried out. The results are presented in the 
Experimental part and in Tables I and II and their implications have been discussed 
(vide infra}. 

It is concluded that an aryidithiocarbamate is not involved at any stage iu this 
change. The reaction proceeds, most probably, through a thiourethane, the -Olkt 
group of which is replaced with -NHAr, forming s-diarylthiocarbatmide (vide infri). 
Under the conditions of experiments reported, there is very little possibility of the 
thiourethane dissociating into alcohol and mustard oil and the latter combining 
with excess of amine to afford thiocarbamide (vide Discussion). The principal changes 
taking place inay be represented as fotiows : 


(i) EtO.CS.SK + ArNH, —— ArNH.CS.OEt + HSK 
{arylthiourethane) 

(ii) ArNH.CS.OEt + ArNH, -——> ArNH.CS.NHAr + HOEt 
(s-diarylthiocarbamide) 


ExPERIMENTAL 


Phenyl- and p-tolyl-thiourethanes were obtained by the action of aniline and 
p-toluidine on EtO.CS.S.S.CS.OEt ‘diethyl disulphur dicarbothionate ; Hofmann, Ber., 
1870, 3, 774; Liebermann, Annaien, 1881, 207, 121}. 

Ammonium salts of phenyl-, o-tolyl- and  p-tolyl-dithiocarbimic acids were 
obtained by the usual method (Vogel, ‘Practical Organic Chemisitry’’, 1654, p. 615). 


Action of Aniline, o Toluidine and p-Toluidine with the respective Dithiocarba- 
mates: Isolation of s-Diarylthiocarbamides.—Required quantities of the dithiocarba- 
mate and the respective amine were mixed (in some cases alcoholic medium was 
emp'oyed) and maintained at the desired temperature (30-180°) for the required 
duration of time. At higher temperatures vigorous reaction commenced immediately 
with the evolution of gases in which smell of ammonia and carbon disulphide was 
perceptible. In the experiments where alcohol was present, a red deposit of ammonium 
dithiocarbamate (identified through its s-benzylisothiuronium derivative, m.p. 66-68°) 
was obtained on the condenser walls. The reaction mixture was treated with HCl 
dil.) to remove the unchanged amine and the dithiocarbamate and the solid residue 
of the s-diarylthiocarbamide collected, weighed and identified. The resuits are 
presented in Table I. 

Pyrolytic Decomposition of Ammonium Phenyldithiocarbamate.—Ammonium 
phenyldithiocarbamate (5 ¢.) was heated at its melting point (110°) for 1 hour. Smell 
of carbon disulphide and ammonia was perceptible. The product on treatment with 
dilute hydrochloric acid gave a small quantity (o.215 g., 7%) of thiocarbanilide. ‘The 
filtrate on evaporation gave 1.20 g. of aniline hydrochloride. 
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MECHANISM OF S-DIARYLTHIOCARBAMIDE FORMATION 


Interaction of aniline, o-toluidine and p-toluidine with dithiocarbamates*: 


TABLE I 


Dithiocarb- Amine. Heating M.P. Crude % Yield. 
No amate Temp. Duration. (crude yield of 
(ammonium product) NN’-diaryl- 
salts) thiocarbamide 
forn.ed. 
I Amm. phenyl- Aniline. Thiocarbanilide’*. 
372 3.7 cc. 30-40° 48 hi. 146-48° 0.70 g- 15 
2 5-6 5-6 90-95" 2 134-40° 1.27 *t18.5 
3a 5-6+15 c.c. 5.6 mt I 145-50° 2-30 +34 
alcohol 
3b Do 5-6 o I 145-47° 2.60 8 
4 3-7 &- 3-7 120-25° I 135-40° 0.60 13 
5 3-7 3-7 14° I 145-48° 0.36 8 
6 3-7 1.8 e ih 146-48° 0-27 6 
7 3-7 0.9 1 144-47" 0.24 11 
8 3-7 5-6 180 I 145-47° 0.55 12 
9 3-7 3-7 ” I 146-48° 0.46 10 
10 3-7 1.8 , i 144-47" 9 
11 5:0 Nil 100-110° I 150-52° 0-215 27 
12 Amm. o-tolyl- o-Toluidine. s-Di-o-tolylthiocarbamide** 
+15 CC. §-5 90-95" I 160-65° 1.2 418 
alcohol 
13 4:0 4.0 140° I 155-57° 0-5 10 
14 4-9 6.0 180° I 160-61° 0-64 14 
15 4.2 4.2 160-61° 0.25 5 
16 4:0 2-0 fe I 159-61° 0.55 It 
17 Amm. p-tolyl- p-Toluidine. s-Di-p-tolylthiocarbamide**. 
g0-95° I 179-81° 2-42 +36 
alcohol 
18 4.0 4-0 140° I 169-70° 1.04 25 
I 4.0 6.0 180° I 180-81° 1.85 36 
20 4:0 4.0 To0° 1 178-80° 1.74 34 
21 4.0 2.0 I 172-74" 2.50 52 


* NH; and CS, were identified in all cases and ammonium dithiocarbamate isolated and identified 
in some cases (vide Experimental). 
** Identified through undepressed mp. of the mixture with authentic samples. 


*t A small trace of phenylthiourea was identified. 


+The conditions in these experiments correspond more with those usually applied for the 
preparation of thivcarbanilide from CS, and aniline than with xanthate-amine reaction reported 


earlier. 
+ Pyrolytic decomposition (vide Experimental). 


Action of Aniline, p- and o-Toluidines with Phenyl and p-Tolyl- thiourethanes : 
Formation of sym. and mixed Diary!thiocarbamides.--Required quantities of amine 
and thiourethane were heated under reflux at 180° (or lower temperatures) for the 


desired duration of time. To remove the unchanged amine and the thiourethane, 


the product was first treated with HCI (dil.) and then with a cold 6% NaOH solution. 
The residue left proved to be the related diarylthiocarbamide. 
with relevant data have been summarised in Table II. 


The results along 
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Pyrolytic Decomposition of p-Tolyl- and Phenyl- thiourethanes.—p-Tolylthioure- 
thane (4 g.) was heated under reflux at 180° for 1 hour and the product treated with 
HC! (dil.) and alkali as above. ‘The solid left behind (0.4 g.) proved to be s-di-p-tolyl- 
thiourea. The acidic filtrate was extracted with benzene and the benzene extract was 
mixed with a little aniline and left overnight. From this on evaporation N-phenyl-N’-p- 
tolylthivcarbamide (0.11 g., m.p. 142-43°) was obtained. ‘This indicates formation of 
p-tolyl isothiocyanate in traces only. 

From phenylthiourethane (2 g.), decomposed in an analogous manner, 0.25 g. of 
thiocarbanilide and a small quantity of phenylisothiocyanatc, identified through 
N-phenyl- N’-o-tolyithiocarbamide (m.p. 142-143°), were obtained. 

In another experiment, phenylthiourethane (5 g.) was heated at 180° for 1 hour 
as in the above case, and the mass was stcam-distilled for 3 hours. Smell of mustard 
oil was perceptible in the distillate and crystals were observed in the distillate as well 
as on the sides of the condenser. The distillate was extracted out with ether and 
the ether evaporated. The residue was treated overnight with strong aqueous 
ammonia and all the solid was collected and washed with ether (to remove phenyl- 
thiourethane which does not react with ammonia) when a trace (less than o.1 g.) of 
phenylthiourea was left behind. The ethereal washings gave 1.1 g. of phenylthioure- 
thane more of which was recovered from the distillation flask (2.1 g.). Thus even 
after one hour’s heating at 180°, major part of the thiourethane remained unchanged. 
Only traces of mustard oil were formed. 


Pyrolysis of Phenylthiourethane at its boiling point.—Phenylthiourethane (3.2 g.) 
was heated under reflux at its b.p. (211-13°) for 1 hour and the product steam-distilled 
(3 hours}. No crystals were formed in this case in the condenser or the distillate. 
The latter was extracted out with ether, which on evaporation gave about 0.70 c.c. 
of an oil, On treatment with aniline in benzene, the oil gave o 6 g. of thiocarbanilide, 
thus proving its identity with phenyl isothiocyanate. The yield of mustard oil in 
this experiment corresponded with nearly 25%. From the distillation flask nearly 
0.7 g. of a brown resinous solid (m.p. 65-68°) was collected, which was insoluble in 
dilute sodium hydroxide and therefore it was not thiourethane. 

Isolation of p-Tolylthiourethane from p-Toluidine—Xanthate Reaction.—In the 
experiments reported (loc. cit.) at 140-80° with reactants, one or the other in small 
excess, no thiourethane could be isolated in the products. In view of its great 
capacity to react with amines, the following experiment with avery large exces of 
xanthate was undertaken. 

b-Toluidine (2.3 g.) and a large excess of potassium ethyl xanthate (6.4 g.) were 
mized and heated at 180° for 2 hours. The product was treated with water and 
HCl (dil.), and the solid residue extracted with alcohoi. “mn evaporation of the 
alcoholic extract and cooling, a solid was obtained, which on repeated extraction with 
cold 6% NaOH solution and neutralisation of the alkali, gave 0.15 g. of p-tolylthioure- 
thane, m.p. 83-84° (mixed m.p. with an authentic sample). 

The alkali-inscluble part of the residue from alcoho! consisted mainly of s-di-p- 
tolylthiourea ; it-contained traces of a higher melting solid (m.p. 236°), identified 
with s-di-p-tolylurea. 


C. N. V. NAMBURY 
DitscuUSSION 


The direct interaction of aniline, o-toluidine and p-toluidine with the respective 
ammonium aryldithiocarbamates gave 6-18.5%, 5-14% and 25-52% of the corresponding 
NN’-diarylthiocarbamides (vide Table I). The same reactants in presence of alcohol 
gave better yields of thiocarbamides, viz., 38%, 18% and 36% respectively (Table I, 
Expts. 3, 12 and 17). But in an alcoholic medium, the conditions corresponded more 
with those usually applied for the preparation of thiocarbanilide from carbon 
disulphide and aniline, than those employed in the xanthate—amine reaction under 
discussion. Further, there is no material difference in the yields of thiocarbamides 
at different temperatures, which is contrary to the observed higher yields at 180° 
than at 140°, and almost imperceptible reaction at 100° in the case of the direct 
interaction of these amines with potassium ethyl xanthate (Sahasrabudhey et al., 
loc. cit.). 

The pyrolysis of ammonium phenyldithiocarbamate (5 g.) at 110° (vide Experi- 
mental and Table I, Expt. 11) gave only 7% thiocarbanilide (0.215 g.) and very 
considerable quautities of free aniline (isolated as hydrochloride, 1.23 g.), ammonia 
and CS,. ‘This quantity of thiocarbanilide is of the same order as obtained in above 
experiments which suggests that in both cases it most probably arises from the 
dithiocarbamate by identical reactions, irrespective of the external presence or abseme 
of the amine. The products of pyrolysis, in fact, indicate dissociation of the major 
part of the dithiocarbamate into amine, ammonia and CS,. The thiocarban,lide 
formed is a secondary product and is not produced directly from the dithiocarbamate 
as in the case of aliphatic compounds (Hofmann, Ber., 1868, 1, 25). 


In the light of these facts, formation of a dithiocarbamate as an intermediate 
product in the xanthate-amine reaction appears unlikely. Moreover, a dithiocarba- 
mate has also not been detected in the products. 

Aniline and p-toluidine reacted at 180° with phenyl- and p-tolyl- thiourethanes, 
giving rise to the corresponding NN’-diarylthiocarbamides in 60% and 80% yields 
(Table II, Expts.1 and 2). N-phenyl-N’-p-tolyl- and- o-tolyl-thiocarbamides were also 
obtained in good yields (52 and 72% -respectively), by the interaction of aniline with 
p-tolylthiourethane and o-toluidine with phenylthiourethane respectively (Table II 
Expts 3 and 4). These yields accord well with those obtained by the direct interac- 
tion of these amines with potassium ethyl xanthate (loc. cit.). 


The intereaction of thiourethane and amine takes place readily at 180°; at lower 
temperatures the reaction is slower (vide Table II), which is in agreement with the 
reported higher yields at 180° than at 140°, and the almost imperceptible reaction at 
100°, observed in the direct amine—xanthate reaction. 

Pyrolysis of phenyl- and p-tolyl-thiourethanes at 180° (vide Experim-ntal) gave 
very small quantities of the corresponding diarylthiocarbamides and traces only of 
mustard oil. At the boiling point (211-13°) of phenylthiourethane, mustard oil 
formation was considerable (vide Experimental; also Hofmann, Ber., 1869, 2, 120; 
1870, 3, 772), but at lower temperatures. viz., 140-80°, which have been operative 
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in the xanthate-amine experiments reported, the possibility of mustard oi] playing the 
role of an intermediate compound is indeed very limited. Dyson and Browne (J. Chem. 
Soc., 1931, 3285; Gilman, “Organic Chemistry’’, 2nd ed., pp. 1058-59) report the 
reaction, 
R.NCS + EtOH —> R.NH.CS.OEt 

to be irreversible at about 80° and the present experiments (vide supra) indicate 
more or less the same thing at 180°. In the light of these facts, it is more than probable 
that under the conditions of experiments reported earlier (140-80°), the -OEt group 
of thiourethane is directly rep'aced by ArNH- ercup. 

The formation of thiourethanes, as the first stage in the xanthate-amine reaction, 
is supported by the isolation of small quantities of -tolylthiourethane, when a large 
excess of xanthaie was used (vide Experimental). Moreover, it is known that -SK 
is less firmly held as compared to -OEt in the xanthate and also in the o-ethyl ester 
of monothiocarbonic acid (EtO.CO SK) and, hence, it is likely to be replaced more 
easily by an arylamino group. Thus: 


EtO CS.SK + ArNH, > EtO.CS.NHAr + KSH. 


The intermediate formation of thiourethanes is also supported by analogy with 
aliphatic thiourethanes, which are formed in almost quantitative yields by direct 
interaction of aliphatic amines with xanthate (Nambury, J. Vk. Univ., 1958, 2, 
No. 1, p. 101). 

That thiourethanes cannot be isolated in most cases in the xanthate-aromatic 
amine reaction would appear to be the main objection to their role as intermediates 
in the formation of s-diarylthiccarbamiles. But this is probably explained by the 
fact that the temperature range at which their formation takes place (above 120°) 
coincides with temperatures at which they react with amines (140-80°) and that this 
latter reaction is very fast (vide Table II, Expt. 6, also Degering, “Organic Nitrogen 
Compounds’’, 1945, p. 456). 

In the light of the above facts, the following sequence of changes is indicated 
in the xanthate-amine reaction : 


(i) EtO.CS.SK + ArNH, — ArNH.CS.OEt + KSH 
(ii) ArNH.CS.OEt + ArNH, —> ArNH.CS.NHAr + EtOH 
and to a small extent at 180° (but more probable at higher temperatures). 


(iii) (a) ArNH.CS.OEt — ArNCS + EtOH 
(b) ArNCS + ArNH, — ArNH.CS.NHAr 
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THE ACTION OF HEXAMETHYLENETETRAMINE ON PHENOLS AND 
THE METHYL ESTERS OF PHENOLCARBOXYLIC ACIDS. PART VI. 
THE SYNTHESIS AND STUDY OF THE ARYLAMIDES OF 

. 1-FORMYL-2-HYDROXY-3-NAPHTHOIC ACID 


By V. G. R. D. Desart, B. M. Desar S. C. Desar 


The formylation of the anilide, 8-naphthylamides and m-nitroanilide of 2-hvdroxy-3-naphthoic 
acid by hexamethylenetetramine has been studied. The resulting prcducts have been subjected 
to Knoevenagel’s, Perkin's and Clemmensen’s reactions. 


In an attempt to formylate f8-naphthol with hexamethylenetetramine, Duff 
and Bills (J. Chem. Soc., 1934, 1305} obtained 1 :1’-niethylene-2 : 2’-dinaphthol 
and 2-hydroxy-t-naphthaldehyde. They also formylated salicylic acid to 3- and 
5-aldehydosalicylic acids (ibid , 1932, 1987). Desai, Radha and Shah (Proc. Ind. 
Acad. Sci., 1946, 238A, 182) were able to prepare methyl 1-formyl-2-hydroxy-3-naph- 
thoate trom methyl 2-hydroxy-3-naphthoate by the same method. The same 
reaction has now been applied to some arylamides of 2-hydroxy-3-naphthoic acid, 
as these are now commercially available. Thus, naphthol AS or the anilide of 2-hy- 
droxy-3-naphthoic acid gave readily the anilide of 1-formyl-2-hydroxy-3 naphthoic 
acid. That th: formylation took place in position-1 was shown by the fact that tlie 
resulting compound did not couple with diazo salts. It gave readily the 4-nitro- 
phenylhydrazone, 2:4-dinitrophenylhydrazone and the semicarbazone. The ortho- 
position of the formyl and hydroxyl groups was further shown by their Knoevenagel 
condensation with malonic and acetoacetic esters which gave 3-carbethoxy-10- 
anilido-8-naphtha-z-pyrore aud Similarly 
Perkin’s reaction gave 10-anilido-8-naphtha-e-pyrone. The Clemmensen reduction 
furnished different results with the use of methyl alcohol and acetic acid as solvents. 
A good yield of the anilide of 1-methyl-2-hydroxy-3-naphthoic acid was obtained 
in presence of methyl alcohol, while a sticky substance, which could not be 
crystallised, was obtained in presence of acetic acid. Similar anomaly was observed 
by Desai, Radha and Shah (loc. cit.) in the case of methy! 1-formyl-2-hydroxy-3- 
naphthoate. ‘The formylation of *-naphthylamide, 8-naphthylamide and m-nitroaniiide 
of 2-hydroxy-3-naphthoic acid was similarly studied and the various reactions of 
the formyl derivatives were examined. We are also extending these reactions to the 
other members of the naphthol AS series. 


2-Hydroxy-3-naphthoic acid ‘or its derivatives), formylation of which by hexame- 
thylenetetramine is described herein, has also been previously formylated by use of 
the standard Reimer and Tiemann’s reaction (Chem. Zntrl., 1898, II, 836). 
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ExPERIMENTAL 


Formylation of the Anilide of 2-Hydroxy-3-naphthoic Acid: Formation -of the 
Anilide of 1-Formyl-2-hydroxy-3-naphthoic Acid.—The anilide (10 g.) was slowly added 
to a solution of hexamethylenetetramine (20 g.) in glacial acetic acid (100 c.c.) with 
shaking and heated on a sand-bath under reflux for 6 hours. After the addition of 
HCl (dil., 20 ¢c.c.), the heating of the mixture was continued for 1 hour more and 
the solution poured intoa large excess of water. The solid separating was 
filtered, washed and crystallised from alcohol in small, lustrous, yellow needles, 
m.p. 138°, yield 60%. Its alcoholic solution gave a reddish brown coloration with 
ferric chloride. ‘The substance did not couple with diazo salts, proving the 
position-1 of the formy! group. (Found: C, 73.9; H, 4.1; N, 4.5. Cy, 
requires C, 74.2; H, 4.8; N, 4.4%). 

The p-nitrophenylhydrazone was prepared by heating the mixture of the above 
formyl compound (0.3 g.), p-nitropbhenylhydrazine (0.3 g.) and glacial acetic acid 
ir5 c.c-) for 3 hours. The orange-red solid crystallised out from glacial acetic acid in 
plates, m.p. 176°. (Found: N, 12.8. C.;H,,0O,N, requires N, 13.1%). 

The 2:4-dinitrophenylhydrazone was crystallised from acetic acid in orange-red 
needles, m.p. 245°. (Found : N, 14.3. C,,H,;O.N; requires N, 14.6%). 

The semicarbazone was crystallised {rom alcohol in pale vellow, smal! needles, 
m-p. 254°. (Found: N, 16.0. C,.H,,O,;N, requires N, 16.2%) 

Condensation of the Formylhydroxyanilide with Acetoacetic Ester: Formation of 
3-Acetyl-10-anilido-8-naphtha-z-pyrone —To a solution of the hydroxyformy! deriva- 
tive (0.5 g.! in pyridine (15 ¢.c.) were added ethyl acetoaceta‘e (0.6 g.) and traces 
of piperidine (5 drops). After keeping the mixture at room te:nperature overnight, 
it was heated on a water-bath for 2 hours and poured into HCl (dilute, 1:1). 
The solid was crystallised from alcohol in brown needles, m.p. 178°. Its alcoholic 
solution did not give auy coloration with ferric chloride. (Found: C, 73.3; H. 
4.0; N,3.7- C22H,;0,N requires C, 73.9; H, 4.2; N, 3.9%). 

Condensation with Diethyl Malonate : Formation of 3-Carbethoxy-10-aiilido-8-naph- 
tha-x-pyrone-—A mixture of the hydroxyformyl compound (0.9 g.), ethyl malonate 
(rt g.), pyridine (25 ¢.c.) and piperidine (5 drops) was heated on 3 water-bath for 
3 hours, after being kept at the room temperature for 24 hours. The solid separating 
after adding the mixture to dilute hyd ochloric acid (1:1) was crystallised from 
alcohol in reddish microcrystals, m.p. 2,4°. Its alcoholic solution gave negative 
ferric chloride test. (Found: C, 71.0; H, ,.2; N, 3.2. C2;H,:;O;N requires C, 71.3 ; 
H, 4.4: N,. 3.5%). 

Perkin’s Reaction on the Hydroxyformyl Derivative: Formation of 10-Anilido-8- 
naphtha-%-pyrone.—A mixture of the hydroxyformyl derivative (1 g.), acetic anhydride 
(15 c.c) and anhydrous sodium acetate (2 g.) was heated on a sand-bath for 6 hours. 
The mixture was added to water and th2 solid was crystallised from alcohol iu smail 
needles, m.p. 161°. (Found: C, 76.5; H, 4.0; N, 4.3. CooHisO3N requires C, 96.2 5 
H, 4.1; N, 4.4%). 
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Clemmensen’s Reduction of the Hydroxyformyl Derivative: Formation of Anilide 
of 1-Methyl-2-hydroxy-3-naphthoic Acid.—The anilide of 1-formy}-2-hydroxy-3-naph- 
thoic acid (2 g.), dissolved in methyl alcohol (50 c.c.), was gradually added to 
amalgamated zinc dust (30 g.) and HCI (dil., 1:1, 50 c.c.), and heated on a sand-bath 
under reflux. Methyl alcohol was removed from the hot filtered liquid and the 
solution extracted with ether. The solid recovered from ether was crystallised 
from alcohol in brown needles, m.p. 181°. Its alcoholic solution gave a blue coloration 
with ferric chloride and negative tests with aidehydic reagents. (Found: C, 77.3; 
H, 5.2; N, 4.7. CisH:;0.N requires C, 77.7; H, 5.4; N, 5.0%). 


Formylation of «-Naphthylamide of 2-Hydroxy-3-naphthoic Acid: Formation of 
a-Naphihylamide of 1-Formyl-2-hydroxy-3-naphthoic Acid.—The formylation was 
carried out as usual using 2-naphthylamide of 2-hydroxy-3-naphthoic acid (12 g.) 
and hexamethylenetetramine (24 g.) in glacial acetic acid (100 c.c.) and the 
a-naphthylamide was crystallised from alcohol in brown needles, m.p. 192°, yield 
60%. Its alcoholic solution gave a reddish brown coloration with ferric chloride. 
It did not couple with diazosalts. (Found: C, 77.90; H, 4.8; N, 4.9. Cs2H,;O,;N 
requires C, 77.3 ; H, 4.4; N, 4.1%). 

The 2: 4-dinitrophenylhydrazone was crystallised from glacial acetic acid in orange 
needles, m.p. 226°. (Found: N, 13.5. CosHioO,.N; requires N, 13.4%). 


The semicarbazone was crystallised from alcohol in small plates, m.p. 332-33°. 
(Found : N, 13.9. C.;H,,0O;N,4 requires N, 14.1%). 

obtained from the hydroxyformy] 
compound (0.5 g.) and acetoacetic ester ‘0.6 g.) as usual, was crystallised from 
alcohol in small yellowish red needles, m.p. 247°. Its alcoholic solution gave 
negative tests with ferric chloride. (Found: C. 76.1; H, 4.1; N, 3.7. CoeH,;O1.N 
requires C, 76.6; H, 4.2; N, 3.4%). 

3-Carbethoxy-10-a-naphthylamido-B-naphtia-2-pyrone was obtained as usual from 
the formyl compound (1 g.) and ethyl malonate (1 g.) and it was crystallised from dilute 
alcohol in orange needles, m.p. 241°. (Found: C, 74.4; H, 4.2; N, 3.5. CorHi9O;N 
requires C, 74.1; H, 4.3; N, 3.2%)- 


10-Naphthylamido-8-naphtha-z-pyrone, obtained from the hydroxyformyl com- 
pound (1 g.) by Perkin’s reaction as usual, was crystallised from alcohol in smal!l 
brown needles, m.p. 207°. (Found: C, 79.0; H, 4.0; N, 4-1 C.,H,,O;N requires 
C, 78.8 ; H, 4.1; N, 3.8%. 


x-Naphthylamide of 1-methyl-2-hydroxy-3-naphthoic acid was obtained by the 
Clemmensen reduction of the hydroxyformyl compound and was crystallised from 
alcohol in brown needles, m.p. 158°. Its alcoholic solution gave a blue coloration 
with ferric chloride and did not react with aldehydic reagents. (Found: C, 80.5 ; 
H, 5.5; N, 4-5. Co2Hi,0.N requires C, 80.1 ; H, 5.23 N, 4.2%). 


Formylation of B-Naphthylamide of 2-Hydroxy-3-naphthoic Acid: Formation of 
B-Naphthylamide of 1-Formyi-2-hydroxy-3-naphthoic Acid.—The formylation was carried 
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out as usual using the amide (12g.), hexamethylenetetramine (24 g.) and glacial 
acetic acid (100 ¢.c.). The #-naphthylamide was crystallished from acetic acid in 
lustrous, yellow plates, m.p. 225°, yield 60%. Its alcoholic solution gave a reddish 
coloration with ferric chloride. Its alkaline solution did not couple with diazo 
salts. (Found: C, 77.6; H, 4.3; N, 4.3. C22H,;0;N requires C, 77.3; H, 4.4; 
N, 4.1%). ; 

The p-nitrophenylhydrazone was crystallised from acetic acid in small orange 
plates, mp 180°. (Found: N, 11.5. C2sH2.O,N, requires N, 11.8%). 


The 2:4-dinitrophenylhydrazone was obtained as a chocolate compound in a 
powder form, m.p. 196°. ‘Found: N, 13.1. requires N, 13.5%). 

The semicarbazone was crystallised from alcohol in small orange plates, m.p. 
250°. (Found: N, 14.2. C.;H,,9,;N, requires N, 14.1%). 

The 3-acelyl-10-8-naphthylamido-8-naphtha-2z-pyrone, prepared in the usual 
manner from the hydroxyformyl derivative (0.5 g.) and acetoacetic ester (0.6 g.), 
was crystallised from alcohol in brown needles, m.p. 167°. Its alcoholic solution 
did not give any coloration with ferric chioride. (Found: C, 76.5; H, 4.1; 
N, 3-8. C..H,;,0O,N requires C, 76.6; H, 4.2; N, 3-4%). 

10-8-Naphthylamido-B-naphtha-xz-pyrone was obtained by heating the hydroxy- 
formyl derivative (1 g.) with acetic anhydride (15 ¢.c.) and sodium acetate (2 g.) 
as usual. It was crystallised from alcohol in small brown needles, m.p. 170°. 
(Found: C, 79.1; H, 3.9; N, 4.2. Co,4,,0;N requires C, 78.8; H, 4.1; N, 3.8%). 

B-Naphthylamide of t-methyl-2-hydroxy-3-naphthoic acid was obtained by the 
Clemmensen reduction of the hydroxyformyl] derivative and was crystallised form alcchol 
in small pink needles, w.p. 110°. Its alcoholic solution gave a blue coloration with 
ferric chloride. (Found: C, 80.8 ; H, 5.2; N, 4.5. CosHizO.N requires C, 80.6; H, 
5.43 N, 4.2%). 

Formylation of m-Nitroanilide of 2-Hydroxy-3-naphthoic Acid: Formation of 
3-Nitroanilide of 1-Formyl-2-hydroxy-3-naphthoic Acid.—The formylation was doue as 
usual using the anilide (12 g.!, hexamethylenetetramine (24 g.) and glacial acetic acid 
(100 c.c.). The product was crystallised from glacial acetic acid in small yellow plates, 
m.p. 206°, yield 60%. Its alcoholic solution gave a reddish brown coloration with 
ferric chloride. Its alkaline solution did not couple with diazo salts. (Found: 
C, 64.3; H, 3.6; N, 8.1. C,sH,,0;N. requires C, 64.1; H, 3-7; N, 8.3%). 

The p-nitrophenylhydrazone was crystallised from alcohol in small orange plates, 
m.p. 273°. (Found: N, 14.6. C,,H,;,O,N; requires N, 14.8%). 

The 2:4-dinitrophenylhydrazone was crystallised from alcohol in orange plates, 
m.p. 285°. (Found : N, 16.4. C.,H,.O;N, requires N, 16.2%). 

The semicarbazone was crystallised from alcohol in small yellow needles, 
m.p. 340°. (Found: N, 18.1 C,oH,;O;N, requires N, 17.8%). 


3-Acetyl-10-m-nitroanilido-8-naphtha-z-pyrone was prepared from the hydroxy- 
formyl derivative (0.5 g.) and acetoacetic ester (0.6 g.) as usual and it was crystallised 
from alcohol in brown needles, m.p. 171°. (Found: C, 65.7; H, 3.7; N, 7.1. 
C.2H,,O,N, requires C, 65.6; H, 3.5; N, 6.9%). 


j 
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was preraied from the hydroxy- 
formyl compound (1 g.) and malonic ester (1 c.c.) as usual. It was crystallised 
from alcohol in fine needles, m.p. 135°. (Found : C, 63.7; H, 3.8; N, 6.6. C2;H,.0;N, 
requires C, 63.9; H, 3.6; N, 6.3%). 

10-m-Nitroanilido-B-naphtha-a-pyrone, obtained by the Perkin reaction on the hy- 
droxyformyl derivative, was crystallise¢ from glacial acctic acid in fine needles, 
m.p. 162°. (Found: C, 66.2; H, 3.4; N, 7.8. Co.H,;0;N. requires C, 66.9; H, 3.7; 
N, 7.5%). 

m-Nitroanilide of 1-methyl-2-hydroxy-3-naphthoic acid was obtained by the Clemm- 
ensen reduction of the hydroxyformyl compound as usual and it was crystallised from 
alcohol in small brown needles, m.p. 85°. it gave a blue coloration with ferric 
chloride. (Found: C, 67.4; H, 4.3; N, 8.8. CisH,,O.,N. requires C, 67.0; H, 4.1 ; 
N, 8.4%). 

The authors thank the Governing Body of the Ahmedabad Education Society 
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PYRIDINE COMPLEXES OF METALLIC PERCHLORATES. PART IV. 
DISSOCIATION PRESSURES AND PRESSURE—COMPOSIJTION 
ISOTHERMALS OF COMPLEXES OF PERCHLORATES 
OF COBALT AND NICKEL 


By P. C. SINHA 


The dissociation pressures of the pyridine complexes of cobalt perchlorate and that of nickel 
perchlorate have been measured at different temperatures, and the isotherma! curves showing pressures 
against the number of molecules of pyridine per molecule of cobalt or nickel perchlorate have been 
determined at 50°. From these results it has been proved that in the solid state only two stable 
complexes for each salt, namely Co(ClO4)9.6Py, Co(ClOg)s.4P¥ ; Ni(ClO4)2.6Py and Ni(ClO4)9.4Py, are 
formed (where Py denotes pyridine). The heats of dissociation of the highest pyridinated complexes of 
cobalt and nickel only have been calculated from the plots of logip against 108/T graphs and these 
values are 12,617 cals. for Co(ClO4)y.6Py and 12,290 cals. for Ni(ClO,)26Py perg. mol. of pyridine 
respectively, indicating that the cobalt complex is slightly more stable than the corresponding nickel! 


complex. 


By measurement of dissociation pressures of copper pyridine perchlorates at 
different temperatures and a study of the isothermals of copper perchlorate-pyridine 
system at 30° and 50°, Sinha and Ray (Trans. Faraday Soc., 1948, 44, 790) have proved 
that in the solid phase only two stable complexes, viz., Cu(ClO,).-6Py and Cu(ClO,',.4Py 
are formed and that their heats of dissociation are 8,450 and 11, 640 cals. per g. mol. of 
pyridine respectively. It was considered worthwhile to extend the study to the case of 
the pyridine complexes of other bivalent metallic perchlorates to ascertain, if any, the 
influence of the cation on the behaviour and stability of these complexes. Corres- 
ponding complexes of cobalt and nickel have been chosen in the first instance, as these 
two elements occur in the Periodic Table just before copper and have the values of ionic 
redii approaching that of the bivalent copper ion. 


EXPERIMENTAL 


Perchlorate of cobalt and nickel were prepared by the action of 60% perchloric acid 
solution on the carbonates of the corresponding metal, suspended in water, and crystal- 
lising them out, Pyridine complexes of these perchiorates were obtained from these by 
dissolving the dry salts in excess of boiling pyridine, cooling and filtering out the 
complexes (Ray and Sinha, this Journal, 1943, 20, 33). 


The apparatus used and the method of procedure for the measurement of dissocia- 
tion pressure was the same as that described in the case of copper perchlorate system 
(loc. cit.). The results obtained are summarised in Table I and graphically represented in 
Fig. 1. The logarithms of pressures are also plotted against the reciprocals of the 
absolute temperature, and the rectilinear graphs obtained are shown in Fig. 2. 
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TABLE I 


Temperature-pressure values. 


System : Co(ClO4),.6/4 Py. 


Temp. 598° 67.0° 72.1° 8%5.5° 85.6" 903° 9g1.0° 
p(mm Hg) en 265 47 2 746 95-2 143.2 182.3 208.5 2349 256.3 263.1 
108/T(°K) 3096 3095 2G41 2898 2830 2789 277 2758 2753 2747 

LogioP 1.423 1.674 1873 1.979 2-155 2.260 2.319 2.371 2.499 2.420 


Mean value of the heat of dissociation (calc. from graph) = 12,617 cals. per g. mol. of pyridine. 


System : Ni(C1O4)9.6/4 Pv. 


Temp. sais 365° 40.3° 50.0° 59.2° 71.2° 74.3° 81.0° 
p(mm Hg) wah 11.2 14.14 24.4 43-2 831 94.8 136.1 
10°/T(°K) ose 3231 3192 3096 3010 2905 2879 2825 
Logiop 1.049 1.149 1.387 1.636 1.920 1.977 2124 


Mean value of the heat of dissociation (calc. from graph) = 12,290 cals. per g. mol. of pyridine. 


Determination of Isothermals.—It consisted mainly of the measurement of loss in the 
weight of pyridine with its gradual removal at a fixed temperature and the simultaneous 
determination of pressure. For this purpese, an ob'ong bulb containing Pe complex 
and a little of excess of pyridine was attached to the main apparatus through a_ mercury- 
sealed ground-glass vacuum joint. The loss in weight of the bulb with its progressive 
removal with the help of a pup was determined by detatching it and weighing it each 
time and noting the dissociation pressure before the bulb was detached. Thus, a series of 
values of dissociation pressures with the corresponding values of weights were obtained. 

The isothermals were determined at 50°. At the -nd of the experiment the 
contents of the bulb were quantitatively transferred to a measuring flask and analysed 
for both the pyridine and the metallic salt. From the results of analysis and the loss in 
the weight, the number of molecules of pyridine per molecule of the salt was calculated. 
The results obtained are plotted in Fig. 3. 


Diracussion 


It is evident from the results of measurements of vapour pressure at different 
temperatures, that under the conditions of the study, the only stable solid compiexes 
formed between pyridine and the perchlorates of cobalt and nickel are Co(CiO,),.6Py 
and Co(ClO,)..4Py for the former, and Ni(C1O,),.6Py and Ni(ClO,),.4Py for the latter. 
It may be noted, however, that indications for the existence of a complex for cobalt and 
another for nickel, each having a dissociation pressure higher than the hexapyridinated 
complexes of the perchlcrates, have been obtained, but as the dissociation pressure 
curves of these are not reproducible, and especially as no breaks in the isothermal curves 
at any stoichiom $ric compositions of both the systems have been observed, these have 
been left out. It appears that loose adsorption compounds between pyridine and the 
solid complexes are formed. ‘This conclusion is further supported by the smooth bends 
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in the isothermal curves for both the systems round about the sudden drops in the pressure 
values near the ratios 6Py and 4Py to each molecule of the perchlorate. 


Fic. 3 
Curve marked by circles refers to Ni complex 
crosses Co ” 


Pressure (mim of Hg) 


30 


7 6 5 4 
Moles Py/atom of Ni or Co. 

The order of the stability observed in the case of copper, cobalt and nickel 
perchlorates seems to be reverse of the order proposed by Irving and Williams (J. Chem. 
Soc., 1953, 3202) for those ions in solution ; the anomaly may be due to the difference 
in the lattice energies of the crystals of the perchlorates and the pyridine complexes 
which more than compensates for the effect of the second ionisation potential and the 
ionic radii of the bivalent ion, but unless data on lattice energies are available, it is 
difficult to generalise. 

In the case of the corresponding amines, it was observed by Salvadori (Gazzelta, 
1910, 40, 19) that Co/ClO,),.6NH, lost NH; in air and was hydrolysed by water ; no data 
however, were recorded of the heat of dissociation. Iu the case of Ni(ClO,),.6NHs, 
Ephraim (Ber., toro, 48, 3103) studied the dissociation pressure between 210° and 225° 
and by applying Nernst’s approximation formula calculated the heat of dissociation to 
be 19,100 cals. per g. mol. of NH;. Thus, it would appear that the ammine is more 
stable than the corresponding pyridine complex. This is in agreement with the observa- 
tions of Larson (Z. physikal. Chem., 1934, A169, 207) on the ammoniates of silver ion and 
of Bjerrum (Chem. Rev., 1950, 46, 381) on the ammoniates of mercuric ion, if we can 
assume that the lattice energies of the ammine and pyridine complexes of the perchlo- 


rates are comparable. 


CHEMISTRY DEPARTMENT, 


PatNa UNIVERSITY, PaTNA, BIHAR. Received July 1, 1938. 
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BENZOYL CHLORIDE AS A POLAR SOLVENT. PART II. FORMATION OF 
ACID-BASE NEUTRALISATION COMPLEXES IN BENZOYL CHLORIDE 


By Ram CHAND Pact, KANt1 CHANDER AND GURDEV SINGH 


The tetrachlorides of tin, titanium, tellurium and zirconium and antimony pentachloride, which 
act as solvo-acids in benzoyl chloride, neutralise solvo-bases, quinoline, pyridine, a-picoline and B-pico- 
line, and ansolvo-base, dimethylpherylbenzylammonium chloride, in benzoyl chloride solutions, resulting 
in the formation of neutralisation complexes. Eighteen such neutralisation complexes have been 
isolated and the mechanism of these neutralisation reactions has been proposed. 


In the light of the studies of the solebilities, solvate formation (Paul, Bains and 
Singh, this Journal, 1958, 35, 489) and solvolytic reactions (ibid., under publication) in 
benzoyl chloride, its ionisation into benzoyliuim and chloride ions has been proposed as: 


BzCi = Bz’ + Cl- 


On the basis of the modern concept of the theory of solvent systems, substances 
which on dissolution in benzoyl chloride increase the concentration of benzovlium 
ions will act as acids ana those which increase the concentration of chloride ions will 
act as bases. Lewis acids, due to their capacity to increase their co-ordination 
number, take up chloride ions and indirectly increase the concentration of benzoylium 
ions and, thus, act as solvo-acids. Most of the strongly ionic metal chlorides, which 
will produce chloride ions, should act as ansolvo-bases in benzoyl chloride. Organic 
tertiary bases like quinoline, pyridine, etc., which due to the electron-donor property 
of their nitrogen atoms, combine with the benzoy um ions, indirectly increase the 
concentration «f chloride ions and will therefore act as solvo-bases. 


Neutralisation reactions between the tetrachlorides of tin, titanium, tellurium 
and zirconium and antimony pentachloride as solvo-acids and the ansolvo-base, dimethy1- 
phenylbenzylammonium chloride, and the solvo-bases, quinoline, pyridine, -picoline 
and 8-picoline, have been studicd and asa result, the complexes recor¢ed in Table I 
have been isolated. 


It is clear from Table I that the tetrachlorides of tin, titanium, tellurium and 
zirconium react with the bases to afford two types of complexes, the normai salts of 
the general formula (B.Bz),.MCl, and the acid salts of the general formula (B.Bz)- 
Bz.MCl,, where B denotes a tertiary organic base (Bz stands for benzoyl and M, for 
the metal). The normal salts are produced when the acid solution is added dropwise 
to the base solution, the quantities of the two being arranged to correspond to a molar 
ratio of 1:2, while formation of the acid salt is facilitated by adding a solution of 
the base to that of the acid and their quantities are arranged to be in the molar ratio 
of 1:1. Some of the complexes can lose the solvent molecules to give rise to de- 
solvated compounds, as will be discusscd later with particular reference to the desoly- 


ated compounds. 
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Titanium tetrachloride foims a monosolvate with benzoyl chloride ‘Cullinane, 
Chard and Leyshon, J. Chem. Soc., 1952, 4106; Bertrand, Bull. soc. chim., 1880, 33, 
403; 1881, 34, 631) and produces conducting solutions in it (Gutmann and Tannen- 
berger, Monatsh., 1957, 88, 216) which can be possible only if the monosolvate can 
give rise to ion pairs in solution. 


TiCl, + 2BzCl — TiCl,.BzCl + BzCl = TiCl,?~ + 2Bz*. 


The tetrachlorides of tin, tellurium and zirconium, however, do not give any 
solid solvates with benzoyl chloride (Part I, loc. cit.), but on the basis of analogy and 
the conductivity of their solutions (Gutmann and Tannenberger, loc. cit.), it can be 
imagined that they form solvates which ionise further as: 


MCI, + 2BzCl —> (MC1,.2BzCli = MCI,?~ + 2Bz*. 


The strongly ionic metaliic chlorides, which are expected to act as ansolvo-bases 
in benzoyl chloride, have been found to be insoluble in it ; therefore dimethylpheny!- 
benzylammonium chloride, which has a fair solubility in benzoyl chloride, has been 
used in their place. It reacts with the tetrachlorides of tin, titanium, teliurium 
and zirc nium to furnish the normal salts, bis-dimethylphenylbenzylammonium hexa- 
chlorostannate, bis-dimethylphenylbenzylammonium hexachlorotitarate, bis-dimethyl- 
phenylbenzylammonium hexachlorotellurite and 
hexachlorozirconate, which are insoluble in benzoyl chloride and separate out as fine 
crystaline powder. Their formation is represented by the following general equations ; 


BzC! = Bz* + Cl- (ionisation of the solvent) 


QCl =Q* + Cl (ionisation of the ansolvo-base, Q stands for the 
quaternary ammonium radical) 


MCI, + 2BzCl —> MCI,.2BzCl = MCI,?~ + 2Bz* (formation and 
ionisation of the solvo-acids) 


2Q* + 2Cl” + MCi,*~ + 2Bzt > Q,MCI, + 2BzCl (neutralisation and 
formation of the complex). 


It has been noted that in the case of stannic chloride and titanium tetrachloride, 
these normal complexes are soluble in excess of the acid solutions and completely 
dissolve in benzoyl chloride when the acid/base molar ratio is 1:1. This can be 
due to the formation of the acid salts, which due to their very high solubility could 
not be isolated. Their existence, along with that of the normal salts, has been placed 
beyond doubt by carrying out conductometric titrations in benzoyl ch!oride (Johar, 
private communication}. ‘The formation of an acid salt can be represented as: 


Q.MCI, + 2Bz* + MCI,?~ — 2Q.Bz.MC\,. 


Organic tertiary bases form solvates with beuzoyl chloride (Part I, loc. cit.) and 
furnish couducting solutious ‘Johar, loc. cit.). The ionisation of these soiutions can be 


represented by 


| 
= 


872 R. ©. PAUL, K. CHANDER AND G. SINGH 


B + BzCl —> B.BzCl = B.Bz* + Cl. 


Quinoline forms two complexes with titanium tetrachloride, i.e., the normal salt 
bis-benzoylquinolinium hexachlorotitanate and the acid salt benzoy’quinolinium benzoy!}- 
hexachlorotitanate. Formation of these can be represented by the general equation : 

2B.Bz* + + 2Bz* + — (B.Bz),.MC!, + 2BzCl 
(formation of the normal salt). 

B.Bz* + Cl’ + 2Bz~ + TiCl,?~ — (B Bz).Bz.TiCl, + BzCl 
(formation of the acid salt). 


With stannic chloride also, quinoline affords two salts, the normal salt, bis-benzoy}- 
quinolinium hexachlorostannate and the acid sait, benzoylquinolinium benzoylhexa 
chlorostannate, which have been isolated in their desolvated forms, diquinolinostannic 
chloride hemi-benzoy! chloride and benzoylquinolinium pentachlorostannate. which can 
be represented as follows : 

(C,H;N.Bz),.SnC}, -> + 14 BzCl 
(C,H;,N.Bz).Bz SnCl, — (C,H;N.Bz).SnCl, + BzCl. 


Quinoline also reacts with the solvo-acid tellurium tetrachloride in benzoyl chloride 
to give rise to the acid salt, benzoyiquinolinium benzoylhexachlorotellurite which has 
been isolated in a partly desolvated form as benzoylquinolinium pentachlorotellurite. 
Its complex with zirconium tetrachloride, diquinolinozirconium tetrachloride mono- 
benzoyl chloride, represents the formation and the desolvation of the normal salt, bis- 
benzoylquinolinium hexachlorozirconate, 

(C,H;N.Bz),ZrCl, —> (C,H;N),.ZrCl,. BzCl + BzCl. 

Pyridine acts as asolvo-base like quinoline. With zirconium tetrachloride, which 
is a dibasic acid in benzoyl chloride, it gives both the normal salt, bis-benzoylpyridi- 
nium hexachlorozirconate, and the acid salt, benzoy!pyridinium benzoylhexachlorozirco- 
nate. ‘The former has been isolated in the solvated form : 

(C,H;N.Bz)..ZrCl, + BzCl —> (C,H;N.Bz’,.ZrCl,.BzCl. 


Though no well-defind solvates of the tertiary bases, 2-picoline and f-picoline, have 
been isolated (Paul and Singh, Curr. Sci., 1057, 26, 391), yet the conductivity of their 
solutions (Johar, loc. cit.) leads one to conclude that these also will act as solvo-bases 
in benzoyl! chloride as: 

B + Bzcl —> (B.BzCl) = B.Bz* + Cl. 

Equimolar quantities of «-picoline and zirconium tetrachloride react in their 
benzoyl chloride solutions to provide the acid salt, benzoyl-z-picolinium benzoylhexa- 
chlorozirconate. With stannic chloride, the normal salt, bis-benzoy|-2-picolinium hexa- 
chlorostannate, has been isolated in the solvated form by mixing together stannic 
chloride and «-picoline in the molar ratio of 1:2. 

B-Picoline reacts with the solvo-acids, stannic chloride and titanium tetrachloride, 
in benzoyl chloride solution, when mixed ina molar ratio of 2:1, to yield the normal 
salts, bis-benzoyl-@-picolinium hexachlorostannate and bis-benzoyl-8-picolinium hexa- 
chlorotitannate. The former under vacuum changes to di-8-picolinostannnic chloride 
monobenzoy] chloride as : 
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(C.H,N.Bz),.SnCl, —> (C,H;N),.SnCl,.BzCl + BzCl 


and the latter has been isolated as di-8-picolinotitanium tetrachloride monubenzoylchloride: 
(C,H;N.Bz),.TiCl, --> + BzCl 


The Lewis acid, antimony pentachloride, gives rise to a monosolvate with benzoyl 
chloride (Seel, 7. anorg. Chem., 1943, 252, 24). Its formation and ionisation can be 
visualised as: 

SbCl, + BzCl SbC1,.BzCl = Bz* + SbCl,” 


It will therefore act as a monobasic acid. ‘The solvo-base, quinoline, reacts with the 
solvo-acid, antimony pentachloride, when m1xed in the molar ratio of 1:1 in benzoyl 
chloride, to provide the normal salt, benzoylquinolinium hexachloroantimonate, 
formation of whieh is represented as : 


B.Bz* + Cl- + + SbCl,” — B.Bz.SbCl, + BzCl. 
EXPERIMENTAL 


Purification of benzoyl chloride has already been described in Part I (loc. citl.). 
Stannic ch'oride and titanium tetrachloride were purified by treating them with picces of 
tin and copper filings respectively and fractionating in an all-glass apparatus in an 
atmosphere of nitrogen. Tellurium tetrachloride was purified by resubliming. 
Zirconium tetrachloride (Johnson, Metthey & Co.) was available in pure state and was 
used as such. Antimony pentachloride was purified by distilling under reduced 
pressure. Dimethylphenylbenzylammonium chloride was recrystallised from lime- 
alcohol and the purity checked by analysis. Tertiary organic bases were kept over 
potassium hydroxide beads overnight and then fractionally distilled. The transfer of 
materials was carried out in a dry box, taking all precautions to expose them for the 
minimum of time. 

Procedure.—For the preparation of the normal salts of the dibasic acids, the 
acid and the base were mixed in the molar ratio of 1:2. A previously cooled 
solution of the base “in benzoyl chloride was placed in a conical flask, fitted with a 
calcium chloride guard tube and a dropping funnel containing a cold solution of 
the acid in benzoyl chloride. The acid solution was added dropwise to the base solu- 
tion and the mixture thoroughly stirred with the help of a magnetic stirrer. A crystal- 
line complex separated out with the evolution of heat in most cf the cases. This was 
filtered in a dry atmosphere, waghed successively with benzoyl chloride and dry 
petroleum ether (40-60°), dried under vacuum and analysed. 

The same procedure was followed for the preparation of acid salts, with the 
diff2rence that in this case the base solution was added dropwise to the cold solution of 
the acid and both the acid and the base were taken in equimolar quantities. 

The estimatation of nitrogen in the complexes was done, in most of the cases, in the 
Microanalytical Laboratory of Drs. Weiler and Strauss, Oxford. Inthe case of a few 
complexes formed from tertiary organic bases, it wes estimated by the Jackson and 
Smith method (J. Amer. Chem. Soc., 1940, 62, 544). 
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OXYFLUOBORATES. PART III. AMMINO AND ORGANIC AMINO 
COMPLEXES OF COPPER, CADMIUM, ZINC AND NICKEL 
OXYFLUOBORATES 


By Asm Brikasu Ray 


Oxytluoboraies of copper, cadmium, zine and nicke! give ammino and organic amino complexes, 
similar in nature to those of the corresponding sulphates. ‘The isolation of the above complexes 
shows that the oxyfluoborate anion is stable also in ammoniacal medium. 


Sulphates of copper, cadmium, zine and nickel form ammino complexes of the 
general formula [M(NH;),]SQ,. With nickei the hexammino complex, being more 
stable than the tetrammino one, is obtgined more easily. Werner et al. (Z. anorg. 
Chem., 1893, 8, 267) prepared quite a large number of organic amino complexes of 
metal sulphates lke Cu, Ni, etc. Similar work has been carried out with fiuoberyllates 
of these elements by N. Ray and co-workers (this Journal, 1953, 30, 221 ; 1955, 32, 209). 

Oxyfluoborates of the above elements also give similar stable ammino and 
organic amino complexes. 


EXPERIMENTAL 


Tetrammino-cupric Oxyfluoborate Monohydrate.—To a concentrated solution of 
copper oxyfluoborate in water aun equal volume of liquor ammonia was added witii 
constant stirring. The temperature of the solution was kept below 10° by means of 
ice and salt. Through the deep blue solution gaseous ammonia was passed below 10° 
for about ha!f an hour. The resulting solution was kept in a caustic soda desiccator 
in an atmosphere of ammonia. ‘The dark blue crystals obtained after a few days 
were filtered, washed with alcoho] containing a little ammonia, dried between the 
folds of a filter paper and finally dried in a desiccator over lime in an atmosphere of 
ammonia. {Found: Cu, 27.00; NH;, 29.00; F, 2428. [Cu(NH,),BF,;0.H,O0 
requires Cu, 27.24 ; NHs, 29.14; F, 24.41%}. These crystals may be preserved with- 
out decomposition at a low temperature and in adry atmosphere. When exposed to 
moist air, it undergoes decomposition with liberation of ammonia. 


Tetrammino-cadmium oxyfluoborate was obtained in the same way as the copper 
compound. The white crystals were first washed with alcohol and then with ether, 
both saturated with ammonia. Then it was dried between the folds of a filter paper 
and finally in a desiccator over lime. {Found: Cd, 42.05; NHs, 25-45 [Cd(NITs),]- 
BOF; requires Cd, 42.54; NHs, 25.74% }. 

Tetrammino-zinc Oxyfluoborate.—The colorless crystals of the compound were 
obtained in the same way as above. ‘This compound is fairly stable in dry atmosphere 
but unstable in moist atmosphere. {Found: Zn, 30.05; NH;, 31.20; F, 25.91. 
[Zn(NH,),]BOF, requires Zn, 30.10 ; NHs, 31.31 3 F, 26.24% }. 
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Hexammino-nickei Oxyfluoborate.—The violet crystals of the compound were filtered 
under suction, washed with alcohol and then with ether, both saturated with ammonia. 
Finally the compound was dried in a desiccator over lime in an atmosphere of 
ammonia. {Found: Ni, 23.80; N, 34.00; B, 4.20. [Ni(NH,),]BOF; requires Ni, 
24.00; N, 34-35; B, 4.42%}. It loses ammonia when kept over sulphuric acid or 
when exposed to moist air; on heating to a comparatively low temperature rapid 
evolution of ammonia occurs. 


Hexammino-nickel Oxyfluoborate Potassium Iodide.—To a concentrated solution 
of hexammino nickel oxyfluoborate, cooled by ice and salt, a saturated solution of 
potassium iodide containing ammonia was added. A light violet-coloured microcrystalline 
powder separated. It was filtered, washed and dried as before. {Found: I, 43.78; 
F, 9.66. [Ni(NH;),]BOF;.2KI requires I, 41.02; F, 9.88%}. The compound on 
exposure to air slowly loses ammonia and gradually turns green. 


tris-Ethylenediamine-nickel Oxyfluoborate.—100% Ethylenediamine was added 
toa saturated solution of nickel oxyfluoborate with constant stirring, kept below 
5° by means of ice and salt. A violet precipitate was obtained after a few minutes. 
It was filtered under suction, washed with 60% alcohol containing some ethylene- 
diamine and dried thoroughly by pressing between the folds of a filter paper. 
{Found: Ni, 18.00; N, 25.90; F, 17.48. [Ni en,;]BOF, requires Ni, 18.19; N, 
26.08; F,17.67%t. These violet crystals are sparingly souble in cold water, but are 
decomposed by hot water. The crystals are stable under ordinary conditions. 

tris-Propylenediamine-nickel Oxyfluoborate.—70% Propylenediamine was added 
dropwise with constant stirring to a saturated solution of nickel oxyfluoborate which 
was kept at or below 10° by means of ice and salt. The violet precipitat2 obtained 
was washed with aicohol containing some propylenediamine and dried between the 
folds of a filter paper. { Found: Ni, 15.06; N, 22.85; B, 2.68. [Ni pn,]BOF, 
requires Ni, 16.10; N, 23.05; B, 2.96% }. This violet compound is sparingly 
soluble in coid water. On boiling, a suspension of the compound in water undergoes 
decomposition with the precipitation of nickel hydroxide. It is quite stable under 
ordinary conditions. 

Hexamethylencietramine-nickel Oxyfluoborate.—To a saturated solution of nickel 
oxyfluoborate was added a saturated solution of hexamethylenetetramine, kept at or 
below 10° by means of ice and salt. On stirring, the colour of the solution gradually 
faded and shining pale green crystals were obtained. ‘These were washed with 60% 
alcoho) until free of excess of hexamethylenetetramine and then dried in air. (Found: 
Ni, 12.06; N, 12.40; F, 12.51. NiBOF;.C,H,.N,.9H,O requires Ni, 13.23; N, 12.50; 
F, 12.84%). The crystals are soluble in water but not in alcohol. 


bis-Ethylenediamine-copper oxyfluoborate was obtained by adding ethylenediamine 
monohydiate to a saturated solution of copper oxyfluoborate, ccoled in ice and salt. 
Addition of ethylenediamine was stopped just before the colour of the solution had turned 
reddish violet. It was kept ina vacuum disiccator over caustic soda. After a few 
days blue crystals were obtained, which were washed with alcchol containing some 
ethylenediamine, and dried in air. { Found: Cu, 18.10; N, 15.84; F, 15.88. 
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[Cu en,]BOF;.44H,O requires Cu, 18.25; N, 16.07; F, 16.30% $. It may be 
recalled that the corresponding sulphate also crystallises with 4} molecules of water, 
whereas the corresponding fluoberyllate crystallises with 4 molecules of water. 

tris-Ethylenediamine-copper oxyfluoboraie pentahydrate was obtained in the same 
wey as above. The addition of ethylenediamine was continued until the colour 
of the solution became deep reddish violet. It was then allowed to crystallise in a 
vacuum desiccator over caustic soda, After a few days, deep blue crystals were 
obtained which were washed with 80% alcohoi, and dried in air. { Found: Cu, 
15.15; N, 19.94; F, 13.32. [Cuen,;]BOF;.5H.O requires Cu, 15.23; N, 20.13; 
F, 13.60% }. 

tris-Ethylenediamine-copper oxyfluoborate was obtained by adding anhydrous 
ethylenediamine to a saturated solution of copper oxyfluoborate, cooled in ice and 
salt. The addition of ethylenediamine was coxtinued until the colour of the solution 
became dark red. This on crystallisation in a vacuum desiccator over caustic soda 
gave deep blue crystals. These were washed with 80% alcohol containing a little 
anhydrous ethylenediamine, and dried in air, { Found: Cu, 19.30; N, 25.403 F, 
17.08. [Cuen,;]BOF; requires Cv, 19.41; N, 25.65; F, 17.34% }. This substance 
is slightly hygroscopic. 

tris-Propvlenediamine-copper oxyfluoborate was obtained in the same way as in 
the case of tris-ethylene compound. An excess of propylenediamine (70%) was 
added to a saturated solution of copper oxyfluoborate, cooled in ice and salt. It was 
crystallised and washed as usual. 

It is a deep blue hygroscopic substance, highly soluble in water. { Found: Cu, 
13.70; N, 18.00; F, 12.08. [Cu pn; ]BOF;.5H,O requires Cu, 13.84 ; N, 18.29 ; 
F, 12.36% }. 

The author takes this opportunity to express his gratitude to Prof. N. N. Ray, 
D.Sc. of the Presidency College, Calcutta and to Prof. G. P. Mitra, D.Sc. of City College, 
Calcutta, for their kind interest and encouragement during the progress of the work 
and to Prof. P. C. Rakshit, Ph.D., Head of the Department of Chemistry, Presidency 
College, Calcutta, for the laboratory facilities offered during the progress of the work. 
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BENZOYL CHLORIDE AS A POLAR SOLVENT. PART III. 
VISUAL TITRATIONS IN BENZOYL CHLORIDE 


By Ram CHAND Pavi, SARjIT SINGH SANDHU, JASWANT SINGH AND GuRDEV SINGH 


Visual titrations in benzoy! chloride between the Lewis acids, stannic chloride and titanium tetra- 
chloride, and solvo-bases, quinoline, a-picoline and dimethylaniline, with the help of reversible indi- 
cators, crystal violet, benzanthrone and malachite green, have been carried out and the partial ionic 
character of the carbon—chlorine bond in benzoy! chloride has been indicated. 


In view of the earlier investigations in benzoyl chloride (Paul et al., this 
Journal, 1958, 35, 489, 869; Curr. Sci., 1957, 26, 391) and due to the encouragement 
provided by the results of acid-base neutralisation reactions in acetyl chloride, studied 
with the help of indicator dyes (Paul, Singh and Sandhu, Chem. & Ind., 1958, 21, 622), 
the present endeavour was purposefully conceived. The solvo system benzoyl chloride 
with respect to its particular acids and bases has already been discussed in Part II 
(loc. cit.). The acid chlorides, organic as well as inorganic, are very reactive substances 
and usually effect the stability of the indicator dyes if the latter are susceptible to attack. 
In the case of thionyl chloride, it has been reported (Garber, Pease and Luder, 
Anal. Chem., 1953, 25, 581) that crystal violet is unstable and tolerable results are only 
obtained if the indicator is added near the expected end-point. Apparently, no such 
difficulty has been encountered in the titrations of acids and bases in benzoyl chloride 
when crystal violet, malachite green and benzanthrone are employed as indicators to 
detect the neutralisation point. 

In aqueous solutions crysial violet gives yellow, green and violet colour at ps 0.1, 
1.5 and 3.2 respectively (Rice, Zuffanti and Luder, ibid., 1952, 24, 1022). Similar colour 
changes in acidic and basic solutions in acetyl chloride, including blue colour in pure 
acetyl chloride, have been recorded (Paul, Singh and Sandhu, loc. cit.). The colour of 
crystal violet in benzoyi chloride changes in the same sequence when solvo-acids and 
solvo-bases are added tc its solutions in benzoyl chloride. Malachite green gives red and 
green colour in acidic and basic solutions in benzoyl] chloride respectively. The colour of 
malachite green in aqueous solutions at px 0-0.2 is yellow to green and at px I1.5-14.0 is 
blue to colorless (Tomicek,‘“Chemical Indicators’’, Butterworths Scientific Publications, 
London, 1951, p. 50). In thionyl chloride malachite green has been found to be 
relatively stable and gives good results in acid-base titrations (Garber, Pease and Luder, 
loc. cit.). ‘The colours of malachite green in aqueous and benzoyl chloride solutions are, 
however, quite different. Benzanthrone, which has proved to be a potent dye in the 
study of acid-base reactions in acetyl chloride (Sandhu, private communication), is also 
remarkably stable in benzoyl chloride and gives a red colour in acidic solutions and a yellow 
colour in basic solutions, There are meagre data in aqueous solutions for benzanthrone 
with which the results of these investigations could have been compared. Nevertheless, 
the results of acid-base neutralisation reactions in benzoyl chloride and acetyl chloride 
are favourably comparable. In Table I are reported the colours of these indicators in 
pure benzoyl chloride and in solutions of acids and bases in it. 

6—1970P—-12 
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TABLE I 


Indicator. CgH;COC! SnCh,. Quinoline. «@-Picoline. D.M..\. 
(solvent). 

Crystal Blue Colour in weak Deep Yellow Violet Violet Blue 

violet solution vellow 
Colour in conc. Orange- Orange- Purple Purple Pink 
solution yellow vellllow 

Benzanthrone Light Colour in weak Red Orange- Light Light Light 

yellow solution red yellow yellow yellow 

Colour in conc. Blood- Red Do Do Greenish 
solution red yellow 

Malachite Deep Colour in weak Red Do Deep Deep Deep 

green green solution green green green 
Colour in conc. Deep Deep Bluish Blvish Bluish 
solution red red green green green 


D.M.A. = Dimethylaniline. 


The reversibility of these indicators in benzoyl chloride has been illustrated by 
carrying out acid-base titrations with acidic as well as basic solutions as titrants. 


Generally, the formation of a precipitate results during the titration which in some cases 
absorbs the indicator temporarily and thus makes the detection of the colour change 
rather difficult. The reaction mixture was magnetically stirred. The precipitate was 
allowed to settie down after which the colour change was noted. Sonetims the preci- 


pitate was flucculent and required a long time for complete settling down. In svch a case, 
the colour of the supernatant liquid was observed. The results obtained for the titrations 


of acids and bases with crystal violet, malachite green and benzanthrone are shown in 


Table II. 


TaBie II 
Titrant. Substance. Conc. of the Wt.ofthe Volume ofthe Colour of the indicator 
titrant substance. titrant solution. at the end-point. 
(g. mole/litre). Found. Cale. 
A, Indicator: Crystal violet. 
SnCl, Quinoline 0.1211 0.0990 g. 3.00 3..0c.c. Green 
Picoline 0.0808 0.0845 5-60 5.61 Light green 
D.M.A. 0.1126 0.0385 1.70 1.41 Greeni-h yellow 
TiC), Quinoline 0.0968 0.0805 3.25 3.22 Green 
a-Picoline 0 0928 0.0743 4.15 4.32 Light green 
D M.A. 0.0968 0.0275 1.15 1.17 Light vellow 
Quinoline SnCl, 0.1703 0.0200 1,05 0 90 Green 
TiC 0,1201 0.0430 3.65 3 76 Greenish blue 
a-Picoline SnCl, 0.1540 0.1065 5 30 5-32 Bluish green 
TiCl, 0.1540 0.0470 3.25 3-21 Do 
D.M.A, SnCl, 0.1061 0.0500 3-70 3.63 Yellowish green 
TiCl, 0.2461 o c640 2.70 2.74 Bluish green 


878 SINGH 

| wl 

an 

Pa 

ay 

int 

wh 

pre 

of 

pre 

cat 

of 

in t 

foll 


BENZOYL CHLORIDE AS A POLAR SOLVENT 879 


II (contd.) 


Titrant. Substance. Cone of the Wt. ofthe Volume oi the Colour of the indicator 
titrant substance. __ titrant solution. at the end-point. 
(g. mole/litre . Found = Cale. 


B. Indicator: Benzanthrone. 


suCl, Ouinoline 0.1211 0.0700 2.30 2.2 Orange-yellow 
a-Picoline 9.0808 9.0810 5.40 5-39 
D M.A. 0.1211 0.0800 2.70 2.73 Dark brown 
Quinoline 0.0968 0.1735 7.00 6.94 Orange 
a-Picoline 0.0928 0.0900 5.20 5 21 Do 
D.M.A. 0.¢ 968 0.0280 1.15 1.19 Deep orange 
QOuinoline SnCh, 0.1407 0 0840 4-35 4.59 Orange-yellow 
TiCl, 0.1703 0.0415 2.50 2.56 Do 
a-Picoline 0.2027 0.0780 2.75 2.80 
TiCl, 0.2027 0 0590 2.95 3.00 
D.M.A. SnCl, 0.2461 0.0449 1.30 1.37 Dark brown 
TiCl, 0.1061 0.0420 4.11 4.16 Orange-vellow 


C Indicator: Malachite green, 


Ouinoline 0.0758 00710 3.70 3.63 Dirty green 
a-Picoline 0.0758 0.0340 2.50 2.41 Do 
D. M. A. 0.0758 0.0290 1.90 1.58 as 
TiCl, Ouinoline 0.1087 0.0660 3.50 2.35 ‘s 
a-Picoline 0.1087 0.0500 3-60 2.47 ms 
D. M. A. 0.1087 0.0290 2.20 1.10 Green 
Quinoline SnCl, 0.2946 0.0360 0.95 0.94 Do 
TiCl, 0.2946 0.0520 1.50 1.85 
a-Picoline SnCh, 0.1971 0.0312 1.25 1.20 Deep green 
TICl, 0.1971 0.0480 1.45 2.'4 Do 
D. M.A. 0.0944 0.0490 3.90 3.98 
TiCl, 0.0944 0.0399 2.80 4.34 Bluish green 


D. M. A. = Dimethylaniline. 


The colour of the indicators at the end-points differs slightly with each acid-base pair 
which is probably related to the relative strengths of the acids and bases. But there is no 
marked departure from the usual colour which could have helped in arranging these acids 
and bases in the order of their relative strengths in benzoyl chloride (cf. acetyl chloride, 
Paul, Singh and Sandhu, loc. cil.). However, titanium tetrachloride appears to be 
a weak acid in benzoy! chloride (Table II). 

The colour changes of the indicators in aqueous solutions are explained by taking 
into c sideration the existence of ionic species such as hydrogen and hydroxyl ions, 
which are doubtlessly established. The acid-base titrations in benzoyl chloride can be 
explained on the basis of the presence of benzoylium and chloride ions which are 
produced in its solution when solvo-acids or solvo-bases are added tothem. In the case 
of acetyl chloride, it has already been suggested that these colour changes are due to the 
presence of acetylium ions and chloride ions, the existence of which has been quite 
candidly emphasised (Paul and Sandliu, Proc. Chem. Soc., 1957, 262). So, on the basis 
of analogy and work already done on benzoyl chloride, these colour changes of indicators 
in the presence of Lewis acids and bases can be generally expressed as due to the 
following mode of its ionisation : 


= 

: 
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BzCl = + Cl- 
A neutralisation reaction can therefore be represented as : 
2BzCl + MCI, = 2Bz* + MCI,?~ = Bz.MCI, (formation of the acid) 
B + BzCl = B.Bz* + Cl” = B.BzCl (formation of the base) 
2Bz* + MCI,*~ + 2B.Bz* + 2Cl”- —> (B.Bz),MCIl, + 2BzCl (neutralisation), 


This mode of ionisation of benzoyl chloride brings it in line with acetyl chloride and 
helps in comparing its potentialities asa polar solvent with water. The ionisation of 
benzoy! chloride is supported by conductometric work (Johar, private communication) and 
also by comparing its behaviour with non. polar solvents such as carbon tetrachloride and 
chlorobenzene. It has been found that in these non-polar solvents, quantitative assessment 
of the acids and bases cannot be made as the end-points are not sharp and it requires quite 
an excess of the acid or the base to bring about the required colour change. Moreover, 
the reaction has been found to be very slow as compared to that in water and benzoyl] 
chloride, where the existence of ions is postulated. 


ExPERIMENTAL 


Benzoy] chloride, the Lewis acids and the bases were purified as described in earlier 
papers (loc. cit.). For the titrations, a modified burette with a reservoir at the upper end 
for stocking the titrant solution was fitted into a titration flask, with a side tube for 
calcium chloride guard tube. All precautions were taken to avoid contamination of the 
solutions with moisture. 

A weighed amount of the substance to be titrated was added to 20 c.c. of benzoyl 
chloride, placed in the titration flask ; 3-5 mg. of indicator was added and the reaction 
mixture was stirred with the help of a magnetic stirrer. The titrant solution, which was 
prepared in a rooc.c. measuriug flask in a dry box, was added dropwise from th? 
burette. On the appearance of any perceptible change in colour, the stirring of the 
reaction mixture was stopped, and the precipitate was allowed to settle and the colour of 
the supernatant liquid was noted. The titration was again continued and the burette 
readings at particular colour changes were recorded. The results are recorded in 
Table Il. 
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STUDIES ON THE FRIES MIGRATION. PART I 


By SHIVA SHANKER TIWARI AND AKHILESHWAR SINGH 


The Fries migration has been carried out in the case of six esters of cyclohexanepropionic acid with 
a view to studying the effect of cyclohexane ring on the rearrangement and to studying the amoebacidal 
activity of the hydroxyketones. 


It was observed by Fries and Fink (Ber., 1908, 41, 4271) that acyl derivatives of 
phenols, when heated with anhydrous aluminium chloride, we:e converted smoothly 
into the isomeric ortho- or para-hydroxyketones, or into a mixture of the two. 


Considerable amount of work has been carried out in this field with esters of 
unsaturated aliphatic carboxylic acids (Sen and Misra, this Journal, 1948, 25, 303 ; 
1949, 26, 149) and saturated aliphatic carboxylic acids, as well as with aromatic 
carboxylic acids (cf. Adams, ‘‘Organic Reaction’’, Vol. 1, pp. 357-363), but not with 
esters of alicyclic carboxylic acids. 

We have therefore extended the reaction to esters of cyclohexanepropionic acids. 

Six esters of cyclohexanepropionic acid with phenol, o-, m- and p-cresols, p-chloro- 
and p-bromo-phenols have been prepared. 


The ortho- and para-hydroxyketones have been characterised through their 2 :4- 
dinitrophenylhydrazones. 


ExPERIMENTAL 


Phenyl Ester of cycloHexanepropionic Acid.—-Phenol (5 g.) was dissolved in 
anhydrous benzene (25 c.c.), and well-cleaned and dried magnesium ribbon (1.0 g.) 
was put in it, followed by cyclohexanepropiony! chloride (10.0 g.), and the mixture 
was heated on a water-bath for 4 hours. The benzene was distilled off, and the ester taken 
in ether, washed with 1% NaOH solution and finally with water. After dehydration 
over anhydrous calcium chloride and distillation off of the ether, the ester was distilled 
under reduced pressure, b.p. 165°/3 mm, yield 10.2 g. (Found: C, 77.47; H, 8.56. 
C,sH2.O, requires C, 77.58 ; H, 8.62%). 

The following esters were prepared as above : 

o-Cresyl Ester of cycloHexanepropionic Acid. —From the acid chloride (7.0 g.) 
and o-cresol (5.0 g.); yield 11.6 g., b.p. 205°/5mm. (Found: C, 78.00; H, 8.90. 
C,.H2.0, requires C, 78.04 ; H, 8.904%). 

m-Cresyl Ester of cycioHexanepropionic Acid.—From the acid chloride (7.0 g.) 
and m-cresol (5.0 g.); yield 10.6g., b.p. 202°/rmm. (Found: C, 77.56; H, 8.80. 
CisH2202 requires C, 78.04 ; H, 8.04%). 

p-Cresyl Ester of cycloHexanepropionic Acid.—From the acid chloride (8.0 g.) 
and p-cresol (5.0 g.), as white leaflets from ether, m.p. 72°, yield9.5g. (Found: C, 
77.80 ; H, 8.92. CisH220, requires C, 78.04 ; H, 8.94%). 


= 
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p-Chlorophenyl Ester of cycloHexanepropionic Acid.—From the acid chloride 
(11.0 g.) and p-chlorophenol (6.0 g.), as shining crystals with ether, m.p. 63°, yield 
11.9g. (Found: C, 67.47; H, 7.09. C,sHy02Cl requires C, 67.54 ; H, 7.13%). 
p-Bromophenyl Ester of cycloHexanepropionic Acid —From the acid chloride 
(9.2 g.) and p-bromophenol (10.0 g.), as shining crystals with ether, m.p. 70°, yield 
17.0g. (Found: C, 57.68; H, 6.11. C,;H,y0,Br, requires C, 57.80 ; H, 6.11%). 
The Fries Rearrangement.—Finely powdered anhydrous aluminium chloride (1.§ M), 
was added to the ester (1.0 M), dissolved in 15 c.c. of anhydrous carbon disulphide, 
and the mixture was heated on a steam-bath for 2 hours. Subsequently carbon 
disulphide was distilled off and the viscous mass was hested in an oil-bath at 120° 
for 2hours. The oil separating was taken in ether, washed with sodium carbonate (1%), 
‘ 
and finally with wat:r. After dehydration over anhydrous sodium sulphate, the ether . 
was distilled off and the liquid was distilled under vacuura. ‘ 
Ortho and para-isomers of the ketones, obtained from the rearrangement of esters of 
ortho- and meta-creso!s, were separated by steain-distillation. of 
The products which distilled with steam conformed to Pyman’s test (J. Chem. 
Soc., 1930, 280) for o-hydroxyketones. 
The ketones were converted into their 2:4-dinitrophenylhydrazones (Table I). . 
Cc 
TABLE I 
Ester of Ketone ti 
cyclo- formed. al 
hexane- Ketones. 2 :4-Dinitrophenylhydrazones. 
propionic % Carbon. % Hydrogen. M.P % Nitrogen. vi 
acid with: Yield. B.P. Found. Calc, Found. Calc. Formula. Found. Calc. ™m 
al 
Phenol o-Hydroxy 13% 77:50 77-50 858 8.62 145° 3-54 13-59 in 
“Se 51 210°/8 mm 77.53 77-59 8.60 8.62 155° - 13-55 13-59 er 
o-Cresol 50 157° /6 77.99 78.05 8.94 8.62 220° CogHyg05Nq 12.93 13-14 
m-Cresol ae 44 200°/5 78.02 78.05 8.88 8.95 177° a 13.09 13-14 P 
p-Cresol 75 180° /2 "7.85 78.05 8y4 8.95 170° 12.98 13-14 SO 
p-‘hloro- o- ,, 80 196°/2 67-50 67-54 7-99 7-13 180° 12.40 12.54 
phenol 
p-Bromo- 79 189°/5 57-80 57.89 5.09 6.11 152° 11.19 11.40 
phenol lit 
The authors wish to thank Prof. A. B. Sen for his kind help. One of authors at 
(A. Singh) is thankful tothe U. P. Research Grants Committee for the award of a N 
research fellowship. 
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STUDIES ON THE REACTION BETWEEN CUPRIC AND 
THIOSULPHATE IONS IN SOLUTION 


By KumAR KRISHNA CHATTERJI 


The reaction between Cu?* and S,03?" in solution has been studied by thermometric and conducto- 
metric titrations and absorption measurements. Reactions are indicated when Cu?* and 3.0,?- ions are 
present in solution in the molar ratios of 1: 6, 1: 3, 4:9 and 2: 3 respectively, indicating the formation 
of various c mplex cuprothiosulphates in solution. 


It has been found that bivalent copper is completely reduced to the monovalent state when 9g moles 
of S,032> have been added to 4 moles of Cn?* and a probable mechanism underlying the reduction has 


been suggested. 


A large number of thiosulphate complexes of monovalent copper has been described 
in the literature. Dutoit (J. chim. phys., 1913. 11, 650) isolated a product of the 
composition 4 Cu.S,0,.3 Na,S,0, and obtained evidence ef the formation of the 
compounds Cu,$,0;3. 9M.S,0,, Cu,S,0,. 5M.S.0, and Cu.S,0;- M.S,0; from conduc- 
tivity and E.M.F titritions of copper salts solutions with alkali thiosulphates. Basset 
and Durrant (J. Chem. Soc., 1923, 128, 1279) obtained three co:nplex cuprothiosulphates 
viz., 3Cu,S,0;. 2N1.8,0,.6H,"), Cu,$,0,.Na.8,0,; and on 
mixing solutions of copper si'ts and sodium thiosulphate at different concentrations, 
although in each case the proportion of copper salt and thiosu phate was 1:2 molar 
in the mixture. Spacu and Murgulescu (Bull. Soc. Stinte. Cluj, 1930, 5, 61, 254), 
employing potentiometric titrations of solutions of copper salts with solutions of thiosul- 
phates of Na, K and NH,, concluded that the following complex ions might exist in 
solutions, e.g., [Cu(S,0;)]~, [CufS.0,' ]*-, and 


Ryabchikov and Nichenko (Bull. Acad. Sci U.R.S S. Classe Sci. Chem., 1047, 
19-26), however, considered that most of the solid compounds previously described in the 
literature were impure. According to these authors, depending on the ratio of Cu?* 
and $,0;*~ in solution, only three types of products are formed, viz. Na[Cu(S.O,)], 
Na;[Cu(S,0;).] and Na,[Cu.(S.O,),]. 


The compounds Cu**Na[Cu(S.0,;).] and Cu*Na,[Cu(S,0,),], obtained by these 
authors, are regarded as products of interaction of Na;[Cu(S,O,).] with excess of Cu?* 
and ions respectively. 


It thus appears that although a large number of complex cuprothiosulphates has 
been prepared in the solid state, in solution the reaction between Cut and S,0,?° 
ions has not been s:udied syste natically, end where this has been made, contradictory 
results have often been obtained. Also, the mechanism of the reduction of bivalent 
copper to the monovalent state by thiosulphate is not quite clear. An attempt has 


‘ 


884 K. K. CHATTERJI 


therefore been made by the author to secure information in these respects by 
employing thermometric and conductometric titrations and absorption measurements. 


ExPERIMENTAL 


Copper sulphate, copper nitrate and sodium thiosulphate, employed for the 
preparation of stock solutions, were of E. Merck’s A.R. quality, recrystallised from 
distilled water. The stock solutions, which were of molar order, were all inade in 
air-free distilled water, which was used for all subsequent dilutions to required strengths. 


Thermometric Titrations 


The thermometric apparatus and the method of titration were the same as that 
of Dutoit (J. chim. phys., 1922, 19, 324). ‘Titrations, both direct and reverse, were 
performed. The enthalpy change curves (Figs. 1 and 2) obtained with different 
concentrations of the reactants were drawn by plotting the heat changes at constant 
volume ATc, against the volume of the titrant. (Here 


AT(V +9) 
V 

where AT = the observed change in temp. in °C, arising from the addition of v c.c. 
of the titrant to Vce.c. of the solution taken in the Dewar vessel). This method of 
plotting is due to the author (this Journal, 1955, 82, 366; 1057, 34, 407; 
1958, 35, 57) und adequately compensates for any error due to the effect of dilution 
in the graphical representation of the temperature change process. The thermometric 
curves show breaks when Cu** and S,0;”~ ions are present in the molar ratios of 1:6, 
1:3, 4:9 and2:3 (of which the breaks at 1:6 and 4:9 are common in_ both 
direct and reverse titrations), indicating interaction of these ions in such proportions. 


FIG. 1 


THERMOMETRIC TITRATION CURVES OF Na 25203 SOLN. WITH CuS0g & CUNOsJ2 SOLNS. 
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Fic. 2 
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Conductivily Measurements 


The conductivity apparatus consisted of a box-type conductivity bridge of Leeds 
and Northup Co., Philadelphia, U.S.A. An audiofrequency oscillator was used as a 
current source and a visual indicator, served to indicate the null point. The conduc- 
tivity cell was kept in a thermostat maintained at 30°+0.1°. Only direct conducto- 
metric titrations of solutions of Na.S.O; by copper salt solutions were performed—the 
reverse titrations could not be carried out as the products formed in solution under- 
went slow decomposition in absence of excess of S.O,7~. Fig. 3 represents the 
conductance-composition curves. The curves are characterised by breaks indicating 
interactions between Cu** and S,Q,°~ in the ratios of 1:6 and 4:9. No break appears 
in the ratio 1:3 or 2:3, which is seen in the therm ametric curves (Fig. 1). Moreover, 
the break at the ratio 1:6 disappears at large dilutions (l‘ig. 3, curve C). 


Absorption Measurements 


Since the colour of copper salt in solution changed from blue to yellow and 
finally became colorless upon gradual addition of sodium thiosulphate solution, 
absorption measurements of mixtures of copper salts (sulphate ard nitrate) in solution 
with sodium thiosulphate solution was resorted to in order to elucidate the mechavism 
underlying the reduction of cupric ion by thiosulphate, and this has been done by using 
the Lumetron photoelectric colorimeter (Model 402E) of the Photovolt Corporation, 
U.S.A., a constant voltage transformer (120V.A) being used to stabilise the light source. 
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Fic. 3 


CONDUCTOMETRIC TITRATION CURVES OF 
WITH CuSO, &Cu(NOs)p 
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The couse of the reduction of Cu** to Cu* was followed by working at 700 mph, 
where the Cu** ion had a strong absorption, that of the yellow-colovred body being 
nil. %Transmissions of the mixtures of copper salt and sodium thiosulphate solutions 
were found to change slightly at first, then remain constant for sometime and finally 
fall off rapidly as the solution became turbid in course of a few minutes. Hence, 
direct measurements of the transmission values, setting the balance cell off, were 
carried out at intervals of 10 seconds, starting from the instant of mixing, the values 
of % transmission at equilibrium being employed for plotting. 


The differences in the optical densities of the mixtures A (O.D.) from those of 
the copper salt sclutions alone have been plotted graphically against the compositions of 
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the mixtures in Fig. 4. It wiil be noted that the maxima in the 4 (O.D.)—composi- 
tion curves cccur at the molar ratio of Cu**: S,0;°°=4:9 at all concentrations of 
the reacting ions. Also the absorption due to the Cu** ions altogether vanishes 
whenever such ions are present in the above ratio. This evidently indicates that 
pivalent copper is quantitatively reduced to monovalent state when 4 moles of a thio- 
sulphate are added to 1 mole of a cupric salt in solution. 


Fic. 4 


ABSORPTION CURVES OF MIXTURES OF 
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Krom the method of investigaticns emloyed so far, it is clear that in solutions, 
depending on the concentrations of reactants, reaction occurs mainly in four different 
proportions, viz, 1:6, 1:3, 4:9 and 2:3 moles of Cu* and S,0,°~ ions respectively. 


If the primary reaction, which is an oxidation-reduction process, is represented as 
2Cu** + 35a! )s + 


the reactions in the proportions Cu** : $,0,°~=1:6 and 1 : 3 may be explained as 
occurring in the following stages : 


Cu**:S.0,°° = 1:6: 

2 Cu** + 3S,0,°- = Cu.S,0; + S,0,*~ 
= 
Aldiuz , 2 Cu** + 12 = 2[CalS,O,),]*- + S,O,2- ... 


+ 
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(II), Cu*!;$,0, = 1:3: 


2 Cu?* + 3 S,0;7> = Cu,$,0, + 
Cu.$,0; + 38,0,” = 2[CulS,0,).]*~ 
Adding, 2 Cu** + 6 S,0,7> = 2[CulS,0,',]*- + (=) 


The formation of the compounds Cu.S.03.9Na.S$,0; or Na,[CufS,Q3);,] and 
Na,[Cu(S.0,).], described by Dutoit (loc, cit.) and Ryabchikov (loc. cit.), are thus 
accounted for. 

The break in the thermometric curves, at Cu®* ; $,0,°° = x : 3, apparently indi- 
cates the completion of the primary reaction (1). But this cannot be true firstly 
beacuse Cu,S,0; is too unstable to exist in the free state ; secondly when solutions of 
copper salt and thiosulphate are mixed in this propcrtion, the mixture takes a green 
colour, indicating the presence of unreduced Cu** ion in considerable amounts. On 
the other hand, the break at 2: 3 can be assigned to the formation of the compound 
Cu**Na[Cu(S.0,).], described by the Russian workers (Joc. cit.), in the following way : 


(III). Cu*®t : S,0,7- = 2:3: 
From equation (3) 
2 Cux, + 6 Na.S,0, = 2 Na;[Cu(S.0O,;).] + Na.S,O, + 4 Nax- 
2 Na,[Cu/S,0,).] + 2 Cux, = 2 + 4 Nax 
Adding, 4 Cux, + 6 Na.S.0; = 2 Cu**Na[Cu(S,0,).] + Na.S,0, + 8 Nax ... (5) 
The simplest interpretation of the reaction indicated in the ratio of Cu™ : 
$.0,7> = 4:9 is to assume that a complex product Na,[Cu,(S.0,);] is formed as 
follows: 
Cu** : = 4:0: 
4 Cux, + 9 Na.S.0,; = Na,[Cu,(S.O,;';] + 2 Na.S,O, + 8 Nax - & 


The structure of [Cu, (S,O,);]~° ion is, however, not clear. But we cannot totally 
discount the possibility of the existence of this species in solution as an ammonium 
compound of analogous formula 3 (NH,).S.0;,.2Cu,S.O; has been prepared by Basset 
and Durrant (loc. cit.). The yellow compound 3Cu,S,0,;.2Na.S.0,;.6H.O, isolated 
by the same workers, which is usually written as Na, [Cu,{S.0,),]. 6H.O0 (cf. Parting- 
ton, ‘“General and Inorganic Chemistry’’, p. 722) requires that the reaction between Cu?* 
and §,0,°~ should occur when these ions are in the molar ratio of 6:11, as shown by the 
following equation : 
6 Cux, + 11Na,S,0; = Na, [Cu,(S.0;);] + 2Na,S,0, 12 Nax. 


No evidence of such a reaction is provided by the present methods of study and the 
solid product of the above composition, in all probability, isa mixture of two or more 
substances. It also appears highly probable from the varicty of solid products formed, 
when Cu?* and S.O,?” ions are present in solution in proportions around the ratio of 1:2 
moles, that reaction at this proportion results in the formation of several complexes 
instead of one, as previously supposed. On this assumption the interaction of Cu** 
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and $,0,"~ inthe ratio of 4:9, indicated by thermometric, conductometric and absorption 
studies, may be well explained by the following overall reaction giving rise to three 
different complex products of simple compositions : 
4Cux, + 9Na.S,0; = Na;Cu(S.0;); + Na[Cu(S,05)] + Cu* Na,[Cu(S.0,).] 
+ Na.S,0, + 8 Nax eco (7) 


The compounds Cu*Na, [(Cu(S,0 ).] and Na [Cu(S.0,)], described by Ryabchikov 

and Nichenko (loc.cit.) are presumably formed by the following exchange reaction: 
Na,Cu(S.0,)2 + Cu,$,0, = Cut Na,[Cu(S.05).] + Na[Cu(S,0,)] — 

The reaction envisaged in equation (7) also ¢xplains why complete reduction of 
Cu** by S,0,~ occurs when these ions are present in the molar ratio of 4:9. 

‘The second explanation appears all the more plausible considering that we have 
no other direct evidence regarding the formation of the compounds Cu‘tNa,.[Cu(S.O,). |] 
and Na[Cu(S,0,)] isolated by the previous workers. 
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PHENOXIDES OF MANGANESE 
By Sarju PRASAD AND KAMTA PRASAD KACKER 


The phenoxides of marganese have been prepared by (i) heating anhydrous manganous chloride 
with the respective phenol and (ii) mixing the aqaeous solutions of sodium salt of the phenol and 
manganous chloride; the properties of the phenoxides have been studied. 


A review of the literature shows that practically no work has becn done on the 
phenoxides of manganese. Cronheim ‘J. Org. Chem., 1947, 12, 1) observed the 
formation of a strongly coloured metal salt by shaking a solution of o-nitrosophenol 
in petroleum ether with an aqueous solution of manganous chloride and believed in its 
existence as two types of compounds: (a) CSH,NO,.MnCl, and (6) C,H,.NO.OMn0O.- 
NOC,H,. The present investigation was therefore undertaken with a view to studying 
the preparation and properties of some phenoxides of manganese. 


EXPERIMENTAL 


The phenois used were of B.D.H. pure quality. Anhydrous manganous cliloride 
was obtained by passing dry hydrogen chloride over hydrated manganous chloride 
at about 160°. 

(a) Preparaiion in dry state.—The phenol and manganous chloride were mixed 
thoroughly and transferred to a hard glass dry test tube, which was placed in an 
electrically heated sand-bath, the temperature of which was maintained at about 10° 
higher than the melting point of the phenol. The heating was continued till the 
evolution of hydrogen chloride had ceased. 


2PhOH + Mull, = (PhO),.Mn + 2HCIl. 


‘The compound obtained was powdered, washed with absolute alcohol and dricd. 

(b) Preparation in aqueous solution.—The method is applicable as the hydrolysis 
of solutions of manganous chloride is too small for measurement (Bruner, Z. physikal. 
Chem., 1¢oo, 32, 133). The phenol was converted imto a soluble sodium salt by 
treating it with sodium hydroxide solution and an aqueous solution of manganous 
chloride added to it slowly with constant shaking, when phenoxides were precipitated. 


PhOH + NaOH PhONa + H,O 
2PhONa + MnCl, = (PhO),Mn + 2NaCl 


The compound obtained was washed free of the excess of manganous chloride 
first with distilled water and then with alcohol, and dried. 


Estimation,—Manganese was estimated gravimetrically as Mn,P,0,;. Carbon and 
hydrogen were estimated in three cases by combustion method (Hareas combustion 
furnace) and in the rest, the organic matter in the compound was found by difference. 
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Tape I 


Phenols. Compounds foimed. % Manganese. % Oig. matter. 
Found. Cale. Found. ~- Calc. 


A. Manganous chloride with monohydroxyphenols. MnClg: phenol = 1: 2. 


a-Naphthol Di-a-naphtholato-M* 16.54 16.11 83.46 83.89 
C : 69.25 79.39 

(CygH;O)oMn H: 4.38 4.13 

B-Naphthol Di-8-naphtholato-M 16.29 16.11 83.71 8:.89 
(CygO70)oMn 

o-Nitrophenol Di-o-nitrophenolato-M 15.59 i6,61 84 41 83.39 
(NO 

p-Nitrophenol Di-p-nitrophenolato-M 15.96 16 61 84.04 83.39 

2: 4-Dinitrophenol 2:4-Dinitrophenolato-M 13.86 13.05 84.14 86.05 
{ 

2: 4-Dinitro- 2: 4-Dinitro-a-naphthoiato-M 10.87 10.56 £9.13 89.44 


naphthol [ 


Manganous chloride with diliydroxyphenols. MnC!,: phenol = 1: 1. 


Resorcino! Resorcinolato-M 34.30 33-71 65.70 66.29 
C : 43.42 14.21 

8.32 2.47 

Pyrocatechol Pyrocatecholato-M 33-46 33-71 66.54 66.29 


CeHyl Yo.Mn 


IIydroquinone Hydroquinonato-M 33-59 33-71 


Phenolphthalein Phenolphthaleinato-M 15-05 14.81 84.95 85.19 
Cyl (Cel T,( 


Ouinhyérone Ouinhydronato-M 20.57 20.27 79-43 79-73 
Cel T,¢ Vo. Cgl T,0..Mn 


C. Manganous ch'oride with trihydroxyphenols. MnCl): phenol = 3: 2 


Pyrogallol Di-pyrogallolaty-3M 40.85 

C : 34 47 35 08 

H: 1.58 1.47 

Phloroglucinol Di-phloroglucinolato-3M 11-35 58.65 


stands for manganate. 


Most of the compounds obtained are black in colour, iasoluble in water and 
in common organic solvents. No coloration is obtained with ferric chloride, showing 
the absence of any phenolic -OH group. ‘These are difficultly soluble in mineral acids 


and do not melt. 
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On analysis it is found that chlorine present in MnCl, has been completely 
removed and manganese replaces two atoms of the hydrogen in all the compounds 
studied, i.e., ome molecule of manganous chloride reacts with two molecules of a 
monohydroxyphenol and with one molecule of a dihydroxyphenol ; three molecules of 
manganous chloride combine with two molecules of a trihydroxy phenol, as represented 


below. 
“\—o 


| 
(| 
Mn 


The dihydroxyphenol derivatives are most stable, due probably to the formation of 


stable five-membered ring with no double bond. 
Thanks are due to Dr. S. S. Joshi, D.Sc., F.N.I., F.R.I.C., Head of the Chemistry 


Department, for providing necessary facilities. 
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SYNTHESIS AND REACTIONS OF z-BROMO-z-isoNITROSO-ACETOPHE- 
NONE AND 2z-BROMO-2-isoNITROSO-(p-METHOXY, p-CHLORO, 
AND p-BROMO)-ACETOPHENONES 


By G. C. StncHAL AND M. M. BoKApDIA 


a-Bromo-a-isonitroso-acetophenones have been synthesised and characterised. These do not contain 
oxidising bromine atoms unlike bromo-oxymethylene compounds. 


Synthesis and reactions of bromonitroso ketones (I) and bromoisonitroso ketones 
(II) have not been studied. ‘These compounds can be compared well with the corres- 
ponding bromoformy! ketones (III) and (IV). A study of the properties of these 
compounds and comparison with those of (III) and (IV) are expected to a furnish a 
relative idea of the reactivity of halogen in the two pentad systems (V) and (VI). 


R-CH,—-CO-CBr 
N==0O NOH 
(I) (II) 
= 
CHO CH=—O CHOH 
(II1) (IV) 
I! 
O O O 
(Vv) (V1) 


In the present investigation synthesis of «-bromo-z-isonitroso- (VII: K = H), 
-p-methoxy- (VII : X=OMe),-p-chloro- (VII: X=Cl) and- p-bromo-acetophenones (VII: 
X = Br) have been successfully carried out and their properties studied. These bromo 
compounds have been obtained by bromination of isonitroso-acetophenones either in the 
free form or in the form of their metallic salts. 


—CHBr-N==0 -OH 
| | <— 
Y Y 

x (VII) 4 


In attempts to prepare these compounds by the nitrosation of phenacyl 
bromides in the presence of hydrogen chloride, the authors obtained the 
corresponding «-chloro-%-isonitroso compounds (cf. Levin and Hartung, J. Org. 
Chem., 1942; 7, 408). The «-bromo compounds, however, were obtained by 
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controlling the quantity of hydrogen chloride and reducing the time of contact to 2} 
hours. Bromination of sodium aud copper salts gave benzoic acids (VII: 
CO-CHBr-NO is COOH) along with bromo compounds and in some cases the 
acid was the main product. Attempts to prepare these compounds by the action of 
N-bromosuccinimide on free isonitrosoacetophenones gave benzoic acids. 


The four bromoisonitroso ketones are solid crystalline compounds, insoluble in 
water, sparingly soluble in carbon tetrachloride and soluble in ether, benzene and 
petroleum ether. Their melting points are higher as compared to those of the corres- 
ponding bromo-oxymethylene-acetophenones (cf. Garg and Bokadia this Journal, 1957, 
34, 286). ‘These do not develop any colour with alcoholic ferric chloride solution, but 
on standing for some time in contact with the reagent develop a violet colour. 
They reduce Fehling’s solution and show a wine-red colour with pyridine. 


Bromo-oxymethylene ketones (ITI and IV) liberate iodine on being warmed with 
acidified potassium iodide soiution, generating the halogen-free parent oxymethylene 
ketones (inverse substitution) (Bokadia, Agra. Univ. J. Res., 1053, 2, 9; Garg, 
Garg and Bokadia, ibid., 1957, 6, 19; Bokadia and Deshapande, this Journal, 1950, 
27, 548; Garg and Bokadia, loc. cit.). But in the case of 2-bromo-z-isonitrosoacetophe- 
nones, studied herein, halogen has been found to be very stable and devoid of 
oxidising properties. 


EXPERIMENTAL 
Synthesis of 2-Bromo-z-isonitrosoacetophenone 


Method I: Bromination of Sodium Salt of isoNitrosoacetophenone.—Sodivm ethylate 
(6.8 g.) was taken in a R.B. flask fitted with a calcium chloride guard tube. It was 
covered with dry ether and cooled well in ice. An equimolecular mixture of acetophe- 
none (12 ¢c.c.) and pure amyl nitrite (13 c.c.) was added to it gradually in several 
instalments with constant shaking. The contents were kept at 0°. The sodium 
salt was filtered, washed with dry ether, dried, suspended in dry CCI, and cooled well. 
Tothisa solution of bromine (2 atoms), dissolved in the same solvent, was added 
slowly. The precipitated sodium bromide was filtered off and from the filtrate the 
solvent was removed. The residual thick syrupy liquid immediately solidified. The 
product was found to be a mixture of benzoic acid and z-bromo-z-isonitrosoaceto- 
phenone. From this mixture benzoic acid was removed by NaHCO;. The bromo 
compound was crystallised in a very poor yield from a mixture of CCl, and benzene, 
m.p. 137°. 

Method II: Bromination of Copper Complex.—To an alcoholic solution of iso- 
nitrosoacetophenone (15 g.) a saturated solution of copper acetate was added gradually. 
The precipitated copper salt was purified by repeated washing with petroleum ether, 
m.p. 210° (decomp.). (Found: Cu, 20.1. C,6H,,0,.N.,Cu requires Cu, 17.7%). 
The copper complex (22 g.) was suspended in dry ether, cooled and a solution of 
bromine (19.5 g.) was added to it. The contents were kept overnight and thén 
washed with water twice and dried. On evaporation it gave a mixture of benzoic 
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acid and the bromo compound from which the latter on crystallisation melted at 137°, 
yield 6 g. (Found: C, 42.7; H, 2.9; N, 7.1; Br, 36.9. C,;H.O.NBr requires C, 
42.15; H, 2.63; N, 6.14; Br, 35.1%). ; 


Method III: Bromination in Pyridine.—Free isonitrosoacetophenone (3 g.) was 
taken in a three-necked flask fitted with a mechanical stirrer. Sodium-dried pyridine 
(2 g.), benzene (25 c.c.) and ether (10 c.c.) were added to it. The mixture was well 
cooled and bromine (3.2 g.) was added to it gradually with constant shaking. After 
the addition of bromine the reactants were allowed to stand for 3 hours to complete 
the reaction. The product was washed with water, dried over fused calcium chloride and 
evaporated, yielding a gummy mass from which the bromo compound was obtained 
~ in a very poor yield by petroleum ether, m.p. 137°. 


Method IV: Nitrosation of Phenacyl Bromide in presence of HCl.—A three- 
necked R.B. flask (500 c.c.) was fitted with a small dropping funnel, a mechanical 
stirrer, a reflux condenser, connected to an exit tube having a calcium chloride guard 
tube at the other end, and a hydrogen chloride delivery tube which extended to the 
_ bottom of the flask. 


Phenacyl bromide (4.1 g.) and dry ether (50 c.c.) were taken in the reaction flask. 
The stirrer was started and after the solid had dissolved, a current of dry HC! gas 
“was passed. To this mixture isopropyl nitrite (4.5 ¢.) was added in several instal- 
ments. After addition of the first instalment, the reaction mixture became orange- 
brown and after several minutes, light yellow. At this stage anext instalment was added, 
After completion of the addition it was left overnight. From the reaction mixture ether 
was removed and aiso the unchanged isopropyl nitrite and isopropyl alcohol (under 
reduced pressure). The residue on evaporation gave a solid mass which melted at 
135° after crystallisation from CCl, and benzene mixture (2:1). It was found to 
contain chlorine. (Found: C, 50.42; H, 3.13; N, 6.65; Cl, 20.0 C,H,O.NCI requires 
C, 52.3; H, 3.2; N, 7.9; Cl, 19.3%). 


In the next attempt the reaction mixture after the addition of the reactants was 
kept only for 2} hours and then it was treated with ro c.c. of water. The organic 
layer was dried over fused calcium chloride and evaporated. The solid product 
melted at 137° after crystallisation, yield 4 g. 


Methed V: Bromination with N-Bromosuccinimide.—isoNitrosoacetophenone 

(2.3 g.), dry CCl, (10 c.c.) and N-bromosuccinimide (2.7 g.) were.taken in a 50 c.c. 

_R.B. flask and gently refluxed for r hour. After the reaction the filtrate gave a solid 
on evaporation, which was found to be benzoic acid. 


a-Bromo-a-isonitrosoacetophenone is a colorless crystalline solid, m.p. 137°. It 
is soluble in benzene and ether, insoluble in water and sparingly soluble in CC\,. 
-It does not give any colour with alcoholic ferric chloride solution, but on standing 
it develops a violet colour. When warmed with acidified potassium iodide solution it 
does not liberate iodine, It reduces Fehling’s solution and gives a wine-1ed colour with 
pyridine. .It has got a strong irritating effect. 
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Synthesis of 


Method I: Bromination of Sodium Salt.—The sodium salt of isonitroso-p-methoxy- 
acetophenone was brominated in the same manner as in the case of acetophenone. The 
solid product that was crystallised from benzene, m.p. 182°, was solely p-methoxybenzoic 
acid. 

Method II: Bromination of Copper Complex.—Bromination of copper complex 
(m.p. r50°d. Found: Cu, 12.0. C,,H,,0,.N,Cu requires Cu, 15.1%) was effected in 
the same manner as in the case of acetophenone and gave a solid product which was 
crystallised from a mixture of benzene and CCI, (1:2), m.p. 139°. (Found: C, 42.1; 
H, 3.5; N, 5.53 Br, 30.9. CyH,O;NBr requires C, 41.8; H, 3.1; N, 5-42; Br, 31.0%). 

Method III: Nitrosation of p-Methoxyphenacyl Bromide in presence of HC1.— 
Nitrosation of -methoxyphenacyl bromide was done in the same manner as described 
in the case of acetophenone, but the product was z-chloro-«-isonitroso-p-methoxyaceto- 
phenone, melting at 142°, yield 2 g. (Found:C, 49.16; H, 3-85; N, 6.24; Cl, 
16.1. C,H,O;NCI requires C, 49.1 ; H, 3.7; N, 6.5; Cl, 16.6%). 

But by limiting the time of contact with HCI to 2 hours, 2-bromo-2-isonitroso-p- 
methoxyacetophenone was obtained which was crystallised from a mixture (2:1) of 
benzene and CCl,, m.p. 139°. 

a-Bromo-#-isonitroso-p-methoxyacetophenone is a colorless crystalline solid, soluble 
in benzene, ether and alcohol, insoluble in water and sparingly soluble in CCl,. It 
does not give any colour with alcoholic ferric chloride solution, but on standing 
it develops a violet colour. When warmed with acidified potassium iodide solution, it 
does not liberate iodine. It reduces Fehling’s solution and gives a wine-red colour 


with pyridine. 


Synthesis of 4-Bromo-2z-isonitroso-p-bromoacetophenone 


Method I: Bromination of sodium salt gave p-bromobenzoic acid, m.p. 251°. 

Method II: Bromination of copper complex (m.p. 210°. Found: Cu, 12.7. 
requires Cu, 12.2%) gave 
m.p. 141° from the Same solvent mixture as used previously. (Found :C, 31.27; H, 1.62; 
N, 4.56; Br, 51.59. CsH;O.NBr, requires C, 33.52; H, 1.9; N, 4.3; Br, 52.5%). 

Method III: Nitrosalion of p-bromophenacyl bromide in the presence of hydrogen 
chloride gave «-bromo-z-isonitroso-p-bromoacetophenone ; by limiting the time of con- 
tact with HCl, a solid product was obtained, m.p. 141°, from the same solvent mixture, 
yield 5 g. 

a-Bromo-«-isonitroso-p-bromoacetophenone is a colorless crystalline solid, soluble 
in benzene and alcohol, insoluble in water and sparingly soluble in CCl, and ether. 
It does not give any colour with alcoholic ferric chloride solution, but on standing 
develops a violet colour, It does not liberate iodine on being warmed with acidified 
KI solution. It reduces Fehling’s solution and gives a wine-red colour with pyridine. 


Synthesis of 2-Bromo-2-isonitroso-p-chloroacetophenone 


Method I: Bromination of sodium salt gave p-chlorobenzoic acid, m.p. 235°. 


896 | 


SYNTHESIS AND REACTIONS OF a-BROMO-a-isONITROSOACETOPHENONES 897 


Method II: Bromination of copper complex (m.p. 130°d. Found: Cu, 14.2. 
CicsH,.O.N,Cl,Cu requires Cu, 14.8%! gave a _ solid product which was 
crystallised from CCl,, m.p. 140°. (Found: C, 36.57; H, 1.9; N, 5.3; Br+Cl, 44.0. 
C,H,O,NCIBr requires C, 36.60 ; H, 1.95; N, 5-3; Br+Cl, 44%). 

Method III: Nitrosation of p-chlorophenacyl bromide in presence of HCl gas gave 
a-chloro-2-isonitroso-p-chloroacetophenone, m.p. 124°. ‘Found: C, 43.5; H, 2.52; 
N, 5.92; Cl, 32.1. Calc. for CsH;0,NCI,: C, 44.03; H, 2.2; N, 6.4; Cl, 32.5%). 

Nitrosation of p-chlorophenacyl bromide by limiting the time of contact with hydro- 
gen chloride gave a solid which melted at 140° after crystallisation, yield 4 g. 

a-Bromo-2-isonitroso.p-chloroacetophenone is a colorless crystalline solid, soluble 
in benzene, ether and alcohol, insoluble in water and sparingly soluble in CCl,. It 
does not give any colour with alcoholic ferric chloride solution, but on standing 
develops a violet colour. It does not liberate iodine on being warmed with acidified 
potassium iodide solution. It reduces Fehling’s solution and gives a wine-red colour 
with pyridine. I\ has got a strong irritating effect. 

Authors’ th:aks are due to Dr. S.S. Deshapande, M.Sce., Ph.D., F.R.I.C. 
and to Dr. O.N. Perti, M.Sc., D.Phil.. for their valuable suggestions and to the 
U.P. Scientific Research Committee for the contingent grant. 


CHEMICAL LABORATORIES, 
TH. D.S.B. Govt. COLLEGE, Received April 26, 1957. 
NAINITALe 


i 

. ’ ‘ 


[ Jour. Indian Chem: Soc., Vol. 35, No. 12, 1958] 


SYNTHESIS AND REACTIONS OF 2-BROMO-2-isoNITROSOACETONE, 
2-BROMO-z-NITROSODIETHYL 
KETONE AND «-BROMO.2’-isoNITROSODIETHYL KETONE 


By G. C. AND M. M. BoxkapDIA 


-* *, Synthesis, characterisation end reactions of a-bromo-a-isonitroscacetone, a-bromo-a’-isonitroscacetone, 
a-bromo-a-nitrosodiethy! ketone and a-bromo-a’-isonitresodiethyl ketone have been described. © 

In an earlier communication (Singhal and Bokadia, this issue, p. 893) synthesis 
reactions of and 2-bromo-2-isonitroso- {p-me- 
_thoxy-, p-chloro- and p-bromo-)-acetophenones have been described. In the present 
investigation two lines of attack have been followed to obtain the bromoisonitroso 
‘kétones: fi) to prepare the free isonitroso ketones and then to brominate them 
either in the free form or in the form of metallic salts, and — (ii) to prepare 
the bromoketones and then subject them to the process of nitrosation by the 
action of alkyl nitrite in the presence of hydrogen chloride. The first method 
--has been~ successfully applied in the synthesis of bromoformyl ketones by several 
workers (Briihl, Ber., 1904, 87, 2175; Wislicenus and Ruthing, Avwnalen., 1912, 
879, 260; Deshapande et al., this Journal, 1046, 28, 43; 1949, 26, 55 ; Garg, Singh 
and Bokadia, ibid., 1956, 88, 353; Garg and Bokadia, ibid., 10957, 34, 286). 
Formylation of bromoketones has not been successful in yielding bromo-oxymethylene 
ketones. In an attempt to prepare «-formyl-z-bromoacetophenone, Pathak, Singhal and 
Bokadia (J. Vk, Univ., 1958, 2, 160) obtained sym.-tribenzoylcyclopropane as the sole 
product of the reaction (cf. Paul and Schulze, Ber., 1903, 36, 2425 ; Campbell and 
Khanna, J. Chem. Soc., 1949, suppl. issue, No. I S 33-36; Garg, Garg and Bokadia, 
Agra Univ. J. Res., 1057, 6, 19). But Bokadia, Singhal and Pathak (loc. cit.) 
have, however, successfully prepared formyl compounds from halcgen esters. 

Piloty etal. (Ber., 1902, 35, 3093) brominated oximes in pyridine. Chloro- 
isonitroso ketones have been synthesised by the nitroso-chlorination of ketones 
(Rheinboldt and Dumont, Annalen, 1925, 444, 125, 118; Ber., 1928, 64, 327). 
Levin and Hartung ‘J. Org. Chem., 1942, 17, 408) prepared w-chloroisonitroso- 
acetophenone by the action of RONO (alkyl nitrite) on w-chloroacetophenone in 
the presence of hydrogen chloride. Ponzio and Charrier (Gazzetta, 1907, 37, 101) 
and Steinkopf, Mieg and Herold (Ber., 1920, 53, 1147) synthesised 2-bromo-z-iso- 
nitrosoacetone by the action of fuming nitric acid on acetone, followed by treat- 
ment with hydrogen bromide. 

In the present investigation free isonitroso ketones and their copper salts have 
been brominated under different conditions. 

When bromoacetone and bromodiethyl ketones were treated with RONO (R=alkyl) 
in the presence of hydrogen chloride, they yielded the isomeric «-bromo-2/-iso- 
nitroso compounds (I), as proved by oxidative fission. 
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SYNTHESIS AND REACTIONS OF @-BROMO-a-isoNITROSOACETONES = 99» 


RONO R—CH~—CO—CHBr—R’ 
. R—CH,—CO—CHBr—R’ | 
HCI gas NO 


(R=H or Et) 
(I) 


1. 
R—C—CO—CHBr—R’ 
NOH 


All the above four compounds are colorless crystalline solids and reduce 
Fehling’s solution, -Bromo-%-isonitrosoacetone, %-bromo-z’-isonitrosoacetone and 
x-bromo-2’-isonitrosodiethy] ketone develop a wine-red colour with pyridine; the 
first two ketones develop a violet colour with ferric chloride solution. 2-Bromo-2’- 
isonitrosoacetone, a-bromo-z-nitrosodiethy! ketone and 
Ketone liberate iodine on being warmed with acidified potassium iodide solution. 
But %-bromo-z-isonitrosoacetone does not oxidise potassium iodide solution. It 
seems that a bromine atom attached to a carbon atom containing isonitroso group 
has got no oxidising property, while a bromine atom attached to a nitroso carbon 
atom has got oxidising tendency. -- 


ExPER-IMENTAL 


-.. Synthesis of..+Bromo-z-isonitrosoacetones Method I.--To an aqueous solution of 
isonitrosoacetone ‘10 g.) a saturated solution of copper acetate was added gradually. 
The precipitated copper salt was kept overnight at o° and then it was filtered 
and ‘purified by repeated washing with petroleum ether. The purified salt is soluble 
in benzene and sparingly soluble in water. It meits at 190° (decomp.). ‘Found: 
Cu, 25.2. C,HsO,N.Cu_ requires Cu, 26.9%). ‘The copper complex (12¢.) was 
suspended in dry ether, cooled and a solution of bromine (15.9 g.) was added 
to it and left overnight. It was washed twice with water and dried. On evaporation 
it gave a solid mass which was crystallised from benzene. m.p. 123°, yield 3 g. 
(Found : Br,.48.9. Calc. for C,;H,0,NBr : Br, 48.1%). 


Method II.—Free isonitrosoacetone (8.7 g.) was taken in a three-necked flask 
fitted with a mechanical stirrer and purified pyridine (6 g.), benzene (ro c.c.) ‘ 
and ether (25 c.c.) were added to it. The mixture was well cooled and bromine 
(15 g.) was added to it gradually with constant shaking, and allowed to stand for 
6 hours. to complete the reaction. The mixture was then twice washed with water, 
dried over fused calcium chloride and evaporated. A gummy product was obtained 
by petroleum ether. It was crystallised from benzene, m.p. 123°, yield 3.2 g. 

-Bromo-x-isonitrosoacetone is a colorless crystalline solid, soluble in wat r, 


benzene, ether, petroleum ether and carbon tetrachloride. It is a very strong 
lachrymator in solution form. 


Synthesis of 2-Bromo-%'-isonilrosoacetone.—Bromoacetone (65 g.) and cry ether 
(100 c.c.) were taken in the reaction flask. The stirrer was started and after the 
liquid had become homogeneous, a current of dry hydrogen chloride was passed. 
To this mixture isopropyl nitrite (42.2 g.) was added in several small instalments. 
After’ addition of the first instalment, the reaction mixture became orange-brown 
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and after several minutes, light yellow. At this stage the next instalment was added. 
At the last instalment the reaction was very vigorous. After completion of addition 
it was left overnight. From the reaction mixture ether was removed on a water- 
bath and the unchanged isopropyl nitrite and isopropyl alcohol were removed 
under reduced pressure. The residue on evaporation gave a solid mass which was 
repeatedly crystallised from CCl,, m.p. 89-90°, yield 20 g. (Found: C, 19.4; H, 1.87; 
N, 7.04 ; Br, 48.1. Cs;H,O,NBr requires C, 21.6 ; H, 2.4; N, 8.4; Br, 48.1%). 

a-Bromo-«’-isonitrosoacetone is a colorless, white, shining solid, soluble in water, 
benzene, ether aud alcohol, and sparingly soluble in CCl,. Its solution in benzene 
is a strong lachrymator. 


The bromo compound (2 g.) was treated with a mixture of potassium dichromate 
(5-5 g-), H.SO,(cone., 4.c.) and water (25 c¢.c.) and left for 24 hours at room 
temperature and then washed with 2¢c.c. of water. The ethereal extract after 
evaporation of the solvent gave the ‘bromo-acetic acid, m.p. 48° (lit. m.p. 50°), 
equiv., 137.1 (calc. 139). 

Synthesis of «-Bromo-a-nitrosodiethyl Ketone: Method I.—Bromination of copper 
complex (m.p. 145°. Found: Cu, 20.1. C,.H,.0,N,Cu requires Cu, 21.7%) was effected 
in the same manner as in the case of «-bromo-%-isonitrosoacetone. The solid pro- 
duct on crystallisation from CCl, melted at 85°, yield 1.9 g- (Found: C, 31.15; 
H, 4.26; N, 7.7; Br, 42.7. C;sH,0.NBr requires C, 30.9 ; H, 4.1; N, 6.2; Br, 41.9%). 

Method II.—Bromiuation of nitrosodiethyl ketone (5 g.) was carried out in the 
same manner as described in the case of %-bromo-«-isonitrosoacetone. The solid 
product so obtained was crystallised from CCl,, m.p. 85°, yield 1.2 g. 


a-Bromo-«-nitrosodiethyl ketone is a white needle-shaped solid, soluble in CCl, 
ether, benzene and petroleum ether and develops a yellow colour with pyridine. 
The solution in benzene has got a strong irritating effect. 

Synthesis of «-Bromo-2’-isonitrosodiethyl Ketone.—Nitrosation of bromodiethyl 
ketone (15 g., b.p. 133-34°) was done in the same manner as described in the 
case of %-bromo-«’-isonitrosoacetone. It was crystallised from CCl,, m.p. 81°, yield 
11g. (Found: C, 31.9; H, 3.97; N, 7.07; Br, 41.9. C;H,O,NBr requires C, 30.9; 
H, 4.1; N, 6.2; Br, 41.2%). 

It is a white solid with needle-shaped crystals, soluble in benzene, ether and 
insoluble in water. It does not give any colour with alcoholic ferric chloride 
solution, but on standing it develops a dark yellow colour. Its solution in benzene 
is a strong lachrymator. On oxidation with K,Cr.0,—H,.SO, it gave *-bromopropionic 
acid, b.p. 200° (lit. b.p. 205°), equiv., 155.6 (calc. 153). 

Author’s thanks are due to Dr. O. N. Perti for has interest in the work. 
They gratefully acknowledge the award of a contingent grant by U. P. Govt. Scientific 
Research Committee for this work. 


CHEMICAL LABORATORIES, 
Th. D. S. B. Govt. COLLEGE, Received July 7, 1958 
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COMPOUNDS OF SILICON TETRACHLORIDE WITH AMINES 
AND HETEROCYCLIC BASES 


By Sanju PRASAD AND K. N. CHATTERJEE 


Several derivatives of silicon tetrachloride have been prepared by the action of primary (mono & 
di), secondary and tertiary amines and heterocyclic bases on SiCl, and their properties studied and 
structures discussed. 


A general survey of the literature shows that very little work has been done on the 
formation of compounds of SiF, and SiCl, with amines and heterocyclic bases. 

With SiCl, and aniline, Girard and Pabst ‘Bull. soc. ch'm., 1880, 34, 38) obtained 
violaniline and triphenylamine blue and Harold (J. Amer. Chem. Soc., 1898, 20, 13), 
SiCl,. {4 aniline). Hardens (J. Chem. Soc., 1887, 91, 47) prepared SiCl,.2Py and SiCl,.- 
2C,H,N with pyridine and quinoline. Schick and Degering (Chem. Abs., 1950, 44, 
4283”) have shown that SiCl, affords condensation products with 1 :3-diaminobutane and 
with tetraethylenepentamine. Trost (ibid., 1952, 46, 2045°) showed that SiCl, 
formed precipitates with a large number of organic compounds. Breederveld and Water- 
mann (Research, London, 1954, 7, 55) obtained PhEtN.SiCl, and (PhEtN),.SiCl, by the 
action of SiCl, on diisopropylamine and ethylanilino group respectively. 

The present investigation was therefore undertaken with a view to studying the 
preparation and properties of these compounds. 


EXPERIMENTAL 


The amine and SiCl, used were of B.D.H. ‘pure’ quality and ether was distilled 
over metallic sodium. Benzene or ether was used as the solvent as SiC], was very 
reactive and formed substituted compounds with alcohol. 


In the case of primary amines, ether was used as the solvent since the compounds 
formed were partly soluble in benzene. For the rest, benzene was used as the solvent. 

SiCl, and the organic compounds were dissolved in the respective solvents separately 
and cooled in ice. The amine solution was added slowly to SiCl, solution when a preci- 
pitate was formed immediately, but there was a great evolution of heat and, hence, the 
mixture was cooled in ice. 


The precipitate obtained was filtered, washed free of the amine, and dried. It was 
analysed and its properties studied. 


Silicon was estimated as SiO, and chlorine as AgCl. In four cases nitrogen was 
estimated by Kjeldahl’s method and in the rest, the organic matter was found by 
difference. 

The co-ordination number of silicon in the cases studied is six or eight and therefore 
the effective atomic number does not assume its inert gas configuration. 
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Almost all the compounds are semicrystalline powder and are stable in dry air or in 
anhydrous inert solvents, but begin to hydrolyse slowly as soon as these come in contact 
with water or sodium hydroxide solution. ; 


Si(4 Am) Cl, + 4'H,O = Si(OH), + 4Am.4HCl. 


When heated, these compounds decompose before melting. The compounds 
obtained with the diamines are more stable and hydrolyse slowly. 

It has been found that 4 molecules of primary amines and heterocyclic bases and two 
of diamines attach themselves to the central atom, chelate compounds being fo:med in 
the case of diamines, which is responsible for the greater stability of these compounds. 

In the case of secondary and tertiary amines, only two molecules are attached 
to the central atom, which is probably due to the weak co-ordinating power of the 


-NH= and -N= groups. 
The authors’ sincere thanks are due to Dr. S. S. Joshi, D.Sc., Head cf the 


Department of Chemistry, for providing facilities. 


THE CHEMICAL LABORATORY, 
BanaRaS H1npu UNIVERSITY, Received July 9, 1958. 
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A Monumental Work , Published March 1956 


A book that should find place on the shelves of every Library 
HISTORY OF CHEMISTRY IN ANCIENT & MEDIEVAL INDIA 


Incorporating 


HISTORY OF HINDU CHEMISTRY 
by Acharya Prafulla Chandra Ray 


Edited by Pror. P. Ray 


Royal Svo. Rexin bound, 494 pages with 39 illustrations. 


Price ex-postage: Prime Edition:—Rs. 24/- (Inland), Ordinary Edition—Rs. 20/- (Inland) 
£ 2/- or $ 6.00 (Forcign) 
For Fellows Rs. 20/- Rs. 16/- 
An invaluable book for students of science and history and to all persons interested in 
the scientific heritage of India. 


PUBLISHED BY THE INDIAN CHEMICAL SOCIETY 
92, Upper Circular Road, Calcutta-9, INDIA. 


Some Opinions : 
Nature, January 5, 1957. 


“*Since there is much new material in the book, all those who are fortunate enough to 
haveth arlier edition will wish to have the new on®. in oe ide 
All those interested in the History of Chemistry owe a debt cf gratitude to Prof, P. Ray 


and the Indian Ciemical Society for its publication’’. 
J. R. Partington. 


Journal of Chemical Education, February, 1957: 

 euuiiiwkes Professor Ray, in his carefuljy constructed revision of Prafulla Chandra Ray's 
standard ‘History of Hindu Chemistry’ has given us a highly informative and interesting des- 
eription of Indian Chemistry. In chronological order, the contributions of Indians to chemistry 
have been recorded from the Harappa pcriod of the fourth millennium B.C. to the end of 
Mogul culture.. ............ Many of the ideas described make delightful reading for the average 
chemist with a historical bent............ chemists and historians of chemistry will find in this 


book a valuable assessment of ancient Indian chemistry and culture’’. 

ISIS-Vol. 49, p. 362, Sept., 1958. 

P istaiivcenedinlutenteeis this new book is very valuable both as a re-edition of an out-of-print 
classic collection of fundamental data and as a presentation of much well illustrated documen- 
tation cf Indian achievements in the practical arts in the field of chemistry, according to the 
archeological findings’. 


J. Filliozat. 
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SHORT NOTES 
INVESTIGATIONS ON THE ROOTS OF COCCINIA INDICA W & A. 


By Hari NARAYAN KHASTGIR, SAILENDRA NATH CHOUDHURI AND 
PAsuPATI SENGUPTA 


The roots and leaves of Coccinia indica W. & A., syn. Cepiialandra indica Naud. 
(Sanskrit : Bimba) of N. O. Cucurbitaceae, are used as a household remedy for diabetes 
in Bengal and Bihar (Mukherji, J. Sci. Ind. Res., 1957, 16A,S1). The antidiabetic 
property of the roots have been studied by De and Mukherji (Indian J. Med. Sci, 
1953, 7, 665). 

In the present communication we report our investigations on the unsaponifiable 
material from the benzene extract of the roots of Coccinia indica W. & A. The 
unsaponifiable material after chromatography over alumina gave two broad fractions. 
The first fraction on acctylation, followcd by fractional crystallisation, gave lupeol 
acetate and 8-amyrin acetate. The second fraction on’ purification gave §-sitosterol, 
identified as its acetate. 


Isolation of the Unsaponifiable Material.—Dried roots of Coccinia indica W. & A. 
(1.1 kg.) were cut into sali pieces and extracted with benzene in a Soxhlet apparatus 
for 20 hrs. Benzene was distilled off and the residual fat ‘25 g.) was saponified by 
refluxing for 6 hours with a solution of KOH (20g.) in water (20¢.c.) and methyl 
alcohol (200 c.c.). The saponified mixture was cooled in an ice-bath, diluted with 
cold water and the unsaponifiable material was extracted with ether. The aqueou; 
layer was rejected and the ether layer was repeatedly washed with cold water, until 
the wash was neutral. The ether solution was dried over anhydrous sodium sulphate 
and evaporated, when the unsaponifiable material (5.1 g.) was obtained as a gum. 


Chromatography of the Unsaponifiable Material.—The above gummy unsaponifiable 
material {5.1 g.) was chromatographed over activated alumina {180 g.), when the 
following broad fractions were collected. Fraction A: 1.45 g. of waxy material, eluted 
with petroleum ether (b.p. 60-80°) with increasing proportions of benzene, up to 
petroleum ether: benzene (4:1). Fraction B: 1.15 g. of solid material, m.p. 143-72°, 
eluted with petroleum ether:benzene (3:2). Fraction C: 0.51 g. of solid material, 
m.p. 120-28°, eluted with benzene : ether (4:1), immediately followed by Fraction D, 
0.05 g. of solid material, m-p. 140-70° whose ultraviolet absorption spectra, Amex 271, 
281 and 293 mp indicate the presence of ca. 20% of a A®”-sterol diene. But the 
amount of Fraction D was too small for rigorous purification and further investigation. 


Examination of Fraction B and Isolation of the Triterpene Alcohols, B-Amyrin 
and Lupeol as their Acetates.—Fraction B (1.15 g-), m.p. 143-72°, in the above 
chromatogram was ciystallised once from methanol to furnish colorless crystals 
(0.84 g.), m.p. 1§0-75°. The melting point of this material could not be raised by 
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crystallisation from different solvents. So the material (0.84 y.) was converted into 
the acetate by treatment with pyridine (8 c.c.) and acetic anhydride (8c.c.). The 
crude acetate on crystallisation from acetone gave 0.46 g. of acrystalline solid, m.p. 
160-205°, which after repeated crystallisation from acetone, gave f-amyrin acetate, 
m.p- 234-36° (undepressed when mixed with an authentic specimen of 8-amyrin acetate), 
[]>+84° (CHCI,). (Found: C, 81.77; H, 11.36. Cale. for C, 81.90; 
H, 11.18%). 

The mother-liquor from the first crystallisation, above, on concentration gave a crop 
of crystals (0.25 g.), m.p. 160-70", which after repeated crystallisations from a mixture of 
methyl alcohol and acetone and finally from acetone gave lupeol acetate, m.p, 212 14° 
(undepressed when mixed with an authentic specimen of lupeol acetate), [2],+41° 
(CHCI;). (Found: C, 82.13 ; H,-11.24. Calc. for Cs.H;,0.: C, 81.99 ; H, 11 18%). 

Examination of Fraction C and Isolation of S-Sitosterol.—-Fraction C (0.51 g.), 
m.p. 120 28°, in the above chromatogram, after several crystallisations from methyl 
alcohol and then from acetone, gave colorless crystals, m.p. 136-37°, [2]»—36°.6 
(CHCI;). The sterol on acctylation with acetic anhydride and pyriaine, followed by 
crystallisation from methyl alcohol, gave 8-sitosterol acetate, m.p. 127-28° (undepressed 
when mixed with an authentic specimen of §-sitosterol acetate). [z],»—3S8° (CHCI,). 
(Found : C, 81.47; H, 11.46. Cale. for C;,H;,0.: C, 81.52 ; H, 11.48%). 

Thanks of the authors are due to Mr. Priyalal Moulik for the optical rotation 
study of the compounds and to Mr. N. Guha, Research Director, E.I.P.W. Ltd., 
Calcutta, for his encouragement. 


East INDIA PHARMACEUTICAL WorRKS LITD., 
CPLCUTTA-34. Received August 26, 1958. 
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MANGANESE SALTS OF ORGANIC ACIDS 


By Sanju PRASAD AND V. RAMA REDDY 


Pickering (J. Chem. Soc., 1916, 109, 235) obtained manganese salts of citric, 
tartaric, malic and racemic acids by mixing aqueous solutions of manganous chloride 
and the potassium salts of the acids. Dobbin (J. Amer. Chem. Soc., 1919, 4M, 
934) studied the preparation of Mu(C,H,O,).2H.O, Classen (Z. anal. Chem., 1882, 
16, 315), of manganese oxalate, Chiesten (J. praki Chem., 1883, ii, 28, 1), of 
manganic acetate, Mn,O,.Acse.4H,O and Amadori (Gazzetta, 1931, 641, 230), of basic 
manganese tartrate, Mn,,(C,H,O,).6H,O and basic manganese sodium turtrate, 
MnoNa_(C,H,0,) 6H,0. Dubasky and Vinogradsov’a (Pub. Facult’e Sci. Univ., 
Masaryk. 1934, No. 196, 7) prepared a complex compound [Mn,(H,C,H)COO)]..- 
Cl,.4H,O by adding glycollic acid to the agueous manganous chloride solution. 

As very few manganese salts with organic acids are reported in the literature. 
the present investigation has been undertaken with a view to studying the prepara- 
tion and properties of some of them. 

Procedure —The acids used were of B.D.H. ‘pure’ quality. Anhydrous manganous 
chloride was prepared by passing HCl gas over hydrated manganous chloride at 
150°-60°. 

A mixture of the anhydrous manganous chloride and the excess of the acid 
was heated in au electrically heated sand-bath at a temperature of 10-15° higher 
than the melting-point of the acid till the evolution of HCl had ceased. The 
product wis washed free of the acid, and dried. Manganese was estimated as 
manganese pyrophosphate and the organic matter, found by difference. 


TaBLe I 
Organic acids. Compound formed. Colour. % Manganese. % Org. matter. 
Fouud. Cale. Found. Cale. 
Myristic Mn[CH;'CH'},COO], Dark black 10.62 19.77 89.37 89.23 
Palmitic Mn/{CH3;!CH2))4COO], Brown 9-77 0.71 90.23 90-29 
Stearic sCOO], Dark black 8.82 8.83 o1.18 91-17 
Adipic Mn{(CH2\4(COO).] Black 27-69 27-58 72.31 72-42 
Benzoic Mn(CegH;COO)>, Pale white 18.39 18.48 81.61 81.52 
Succinic (CH,cOO Brown 32.13 32.12 67-87 67.88 
] 
CH,COO 
Malonic Mn[CH,(COO),] Snuff 35-26 34.97 64.74 65.03 
Camphoric Brownish black 22.05 21.70 77-95 78.30 
Cinnamic Mn(CgH,CH :CHCOO), Deep brown 15.71 15 73 84.28 84.27 
Light brown 28.82 28 76 71-18 71.24 


Salicylic 
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From the results it is evident that manganese behaves consistenly as a divalent 
element and displaces the hydrogen atom of the carboxylic group in the salt 
formation. In the case of hydroxy-acid, salicylic acid, the hvdrogen atom of the 
hydroxyl group was also replaced. No basic sa!t was obtained in any case. 

The salts are stable, and are decomposed by water and dilute acids. All the salts 
are insoluble in organic solvents. 

Thanks are due to Dr. S. S. Joshi, D-Sc., Head of the epartment of 
Chemistry, Banaras Hindu University, for providing necessary facilities. 


CHEMISTRY DEPARTMENT, 
Banaras H UNIVERSITY, Received June 13, 1958. 
VARANASI-5. 
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SULPHUR DICHLORIDE AS A CHLORINATING AGENT 


By Ram CHAND PAvuL AND GURDEV SINGH 


Sulpbur monochloride is known to act as a chlorinating agent. It reacts with a 
number of metals and metalloids, producing corresponding metal chlorides (Domanicki, 
J. Russ. Phys. Chem. Soc., 1916, 48, 1724; Nicolardot, Compt. rend., 1908, 147, 
1304). Excess of sulphur monochloride rapidly attacks metallic tellurium at ordinary 
temperature, producing tellurium tetrachloride ‘Lenher, J. Amer. Chem. Soc., 1902, 
24, i188). However, only a few references, which attest to the utility of sulphur 
dichloride as a chlorinating agent, have been recorded in literature (Korshak et ai., 
J. Gen. Chem, U.S.S.R., 1947, 17, 1626 ; Dumas, Ann. chim. phys., 1832, 49, 204). 


These investigations, refered to above, relate to the study of the chlorinating effect 
of sulphur dichloride on some metals and present a novel method for the rapid synthesis 
of selenium and tellurium tetrachlorides. Elementary tellurium reacts instantaneously 
with sulphur dichloride, producing crystalline tellurium tetrachloride. The reaction 
is highly exothermic. The filtrate, obtained on separation of the product, on frac- 
tionation afforded a fraction which distilled at 137-39°, showing the formation of sulphur 
monochloride as a product of the reaction. (Found: Te, 47.59 ; Cl, 52-16. Calc. for 
TeCl,:  ., 47.36; Cl, 52.64%). 

Selenium also, when treated with an excess of sulphur dichloride, is immediately 
transformed into the tetrachloride in an exothermic reaction, sulphur monochloride 
being produced at the same time. (Found: Se, 35.30; Ci, 64.63. Cale. for SeCl, : 
Se, 35.75 ; Cl, 64.25%). 

The action of excess of sulphur dichloride on metallic tin resuits in the immediate 
dissolution of the metal, forming stannic chloride. A iarge amount of heat is evolved. 
The separation of stannic chloride from sulphur dichloride and sulphur monochloride, 
a product of reaction, by fractional distillation was, however, not found to be practi- 
cable as always a mixture of stannic chloride and sulphur monochloride distilled 
over. The formation of stannic chloride was established by adding to the reaction 
mixture a solution of dimethylphenylbenzylammonium chloride in sulphur dichloride, 
when immediately a crystalline complex of the formula [(CH;),.N.C,H;.C,;H,].SnCl,.- 
4SCI, separated out. Formation of crystalline complexes of the formula [(CH;),N.- 
C.H;. C;H;j.5nCl, has been established beyond doubt in benzoyl chloride (Paul and 
Singh, Curr. Sci., 1957, 26, 391) and acetyl chloride (Paul and Sandhu, Proc. Chem. 
Soc., 1957, 262). (Found: Sn, 14.69; Ci, 29.97; N, 3.46; S, 1-86. [(CH;).N.C.H;.- 
C;H,],SnCl,.3SCI, requires Sn, 14.71 ; Cl, 30.79 ; N, 3.47; S, 1-98%). 


All these reactions can be represented by the general equation: 
M + 4SCl, —> MCI, + 
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This mechanism is supported by an early observation that sulphur dichloride 
dissociates into sulphur monochloride and chlorine (Michaelis and Schifferdecker, Ber., 


1873, 6, 995): 
2SCl, S.Ci, + Cl, 


and also from the well-known reaction : 
Ss + SCl, S.Ci. 


which is used to remove the small amount of sulphur dichloride that may be present 
as an impurity in sulphur monochloride. 

Metallic mercury on being added to an excess of su'phur dichloride immediately 
solidifies into a blacx mass. On trituration a highiy exothermic reaction takes place 
and mercuric chloride is formed. (Found: I[g, 74.01; Cl, 25.85. Cale. for HgCl, : 
Hg, 73.55; Cl, 26.15%). 

Powdered antimony metal rapidly reacts with an excess of sulphur dichloride 
and goes into solution. A large amount of heat is produced and in a few moments a 
yellow fluffy precipitate settles down at the bottom of the reaction vessel. Due to its 
hygroscopic nature, the product could not be analysed quantitatively, but qualitative 
tests showed the presence of Sb", chlorine and sulphur. Probably, it is a solvate of 
antimony trichloride with sulphur monochloride. 

Arsenic metal, in a similar way, reacted instantaneously with excess of sulphur 
dichloride and went into solution, forming arsenic trichloride. Due to the reasons 
given in the case of stannic chloride, the separation of arsenic trichloride in pure 
form was also found to be difficult. Its formation was established by allowing it to 
react with dimethylpheuylbenzylammonium chloride in sulphur dichloride solution when 
an orange-coloured complex separated which was highly hygroscopic and could “ be 
analysed quantitatively. Qualitative tests, however, showed the presence of As" 
chlorine, nitrogen and sulphur. 

Metals like zinc, iron and cadmium have not been found to react with sulphur 
dichloride easily. A similar behaviour of these metals has also been found in the case 
of sulphur monochloride (Domanicki, loc. cit.). 
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